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Preface 


This book deals with its subject matter chronologically, as is obligatory in a historical 
biographical book. Chapter 1 tells of the adventures and misadventures of Hypatia 
and Lucrezia Piscopia. In Chapter 2 we consider the leading figures of what has 
become known as the Age of Enlightenment. Two figures with astronomically high 
profiles, Caroline Herschel and Mary Somerville, dominate Chapter 3.This, naturally 
enough, precedes the Victorian era, covered in Chapter 4, personified by Ada 
Lovelace, Florence Nightingale and the greatest mathematician of the three, Sofia 
Kovalevskaya — an intellectual talent who heralded the future ‘queen’ of mathematics. 
We're talking, of course, about the great Emmy Noether, who has Chapter 5 all to 
herself. We would have liked to have given her more space, but Emmy operated at 
levels of abstraction comparable to Muhammad’ coffin, famously suspended between 
heaven and earth. Explaining the whys and wherefores of Noetherian concepts in 
a way that everyone could understand would have been marvellous, but it would 
have taken a whole book to cover the ground outlined in Chapter 5. Fortunately, 
anybody who is interested can read one of the many monographs on Noether. 

Chapter 6 covers the appearance of computers through the story of Grace 
Hopper, an American who rose to be a rear admiral in the navy. And it concludes 
with Julia Robinson, a natural talent who came within inches of solving Hilbert’s 
tenth problem. We didn't follow her every step of the way for two reasons. First, and 
most importantly, we ran out of space; and secondly, not even in the 21st century, and 
with the best will in the world, could we explain the scientific content to a wider 
audience.There are some mathematical concepts — especially in the case of Noether 
— that even when explained properly are incomprehensible to most people, and can 
be understood by most people only when poorly explained. In other words, the 
reason we understand is that the narrator has deliberately omitted scientific rigour 
with the laudable aim of being understood, although the resulting account must 
necessarily lack substance. In short, women in mathematics are as incomprehensible 
as men when they work on the same things. 

Underlying this book is a burning question that we don't tackle head-on but 
rather at a tangent: do women undergo some type of intellectual conditioning that 
makes it harder for them to succeed at mathematics? For example, how true is the 
assertion that women struggle more than men with abstract reasoning? Not at all, it 
seems. Studies of large samples of schoolchildren have shown that both sexes display 


PREFACE 


the same mathematical capabilities. Therefore, sociological reasons almost certainly 
explain the fact that women perform less well in mathematics than men when adult. 

In this book — and many others — humanity is like the animals on Orwell' farm. 
Men and women are equal, but some are more equal than others. Historically, men 
have been more equal than women. That is why the figures discussed in this book 
are worthy of even greater admiration than their scientific achievements suggest. 
They are not just great mathematicians, but rather people capable of overcoming 


deeply rooted prejudices. 


Chapter 1 


Distant Horizons 


An even more dangerous kind of temptation is curiosity, 
Augustine of Hippo, bishop and saint 


We really know very little about the most ancient mathematicians because most of 
their writings have been lost. Separating fact from fiction is no easy task, especially 
because, as this is a delicate topic with sociological implications, there is a natural 
tendency to embellish the figures, and it is quite hard to be objective. However, 
there are mathematicians whose work and fame are — as Dario Fo would say — above 
all suspicion. 


Hypatia of Alexandria (c. 370-415) 


As they tour the Vatican’s museums, wonderstruck visitors eager to see the treas- 
ures are at one point confronted by a gigantic fresco measuring 5 X 7.7 m: it is The 
School of Athens, painted by Raffaello Sanzio da Urbino, better known simply as 
Raphael. The size and beauty of this masterpiece takes the breath away. This paint- 
ing, dedicated to the outstanding figures of Greek thought, features such titans as 
Plato, Euclid, Archimedes, Aristotle and Socrates, plus a slightly removed figure, a 
person who stands out aesthetically from the others. They are all men, except for a 
blonde figure, half-turned towards us as if apologising for daring to appear among 
such greats, on the same level as the giants. It is a woman: Hypatia of Alexandria. In 
the midst of a glorious and intimidating gathering of philosophers, mathemati- 
cians and astronomers stands Hypatia, looking directly at the viewer. Hypatia was a 
philosopher, mathematician and astronomer, and — as it happens — a woman. 

Her importance rarely receives the tribute it deserves. True, astronomers have paid 
their respects to Hypatia, naming a crater on the Moon ‘Hypatia’, and a valley 180 
km away ‘Rimae Hypatia’; they have also named an asteroid in her honour. But while 
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these are notable tributes, Raphael's homage is an honour we don't need a star map 
to find, because the gigantic resonance valve that is art makes it universally accessible. 


The School of Athens, by Raphael. The detail next to it is the image 
of Hypatia of Alexandria, as depicted by the Renaissance painter. 


The path that Hypatia’ life took might help us to understand how a scientist is 
immortalised in encyclopaedic listings and even on the silver screen, and how this 
has a much greater role in bestowing immortality upon them. 

Hypatia came from excellent stock. Her father, Theon (c. 335—c. 405), was the 
director of the museum of Alexandria — the Mouseion, as the Temple of the Muses 
was called. This was an institution that was home to the great library of the Temple 
of Serapis. This was the diminished successor to the Library of Alexandria, which had 
been a jewel ofthe Hellenic world and was destroyed by an earthquake some centuries 
before, depriving the world of unimaginable content and, undoubtedly, setting the 
cause of human progress back many years. In 391 Pope Theophilus also ordered that 
the pagan Temple of Serapis be razed to the ground. 

Theon was a noted mathematician. Hypatia’s contribution to her fathers work 
seems uncontested; for example, although Theon did not invent the astrolabe, he did 
help to develop and refine it, and Hypatia is also closely linked to this instrument. 
The comments made by Theon on Ptolemy's masterpiece (Ptolemy: c. 100—c. 170), 
the Almagest (a revered text, originally called H Megal Syntaxis, or The Great 
Treatise), were in fact largely made by his beloved daughter. Theon regarded her as 
his mathematical superior. 
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Hypatia was, then, the daughter of a prominent figure and in her element in the 
world of men, a sign of an exceptional character. We don't know exactly what she 
looked like, although contemporary witnesses described her as being attractive. She 
was also an excellent speaker and gave classes; after the destruction of the Temple of 
Serapis she taught them alone in her own home. Her fame drew many students to 
Alexandria. She was very probably, in her time, the world's leading mathematician. 

As a philosopher she practised her own version of Neoplatonism, although this 
is not strictly relevant to our biographical purposes. Perhaps the most significant 
thing we might say about her beliefs is that she was — albeit in very half-hearted 
way — a pagan in a predominantly Christian world. This unfortunately led to a 
grotesque death. 


Hypatia's tragic death 


Cutting a long story short, it seems that the Roman governor Orestes, who had 
been baptised as a political expediency, and Cyril, the recently appointed Patriarch 
of Alexandria, did not get on. Hypatia shared the same religion as Orestes and was 
his good friend and former teacher, so she became a target-by-proxy of Christian 
antipathy. Furthermore, as an astronomer and mathematician she had been excom- 
municated by the Christians, who viewed astronomers as astrologers who spent their 
lives writing horoscopes. And, in an inevitable reversal of fortune, the Christians had 
gone from being a persecuted minority to a persecuting majority. 

Cyril decided to expel the Jews from Alexandria, which appalled Orestes. He 
wasn't about to relinquish the tributes of a quarter of the population because of the 
Patriarch s religious whim! Intolerance reigned supreme, the struggle for power was 
the order of the day and the situation sparked violence. Cyril plotted to kill Orestes, 
but he survived the attempt on his life. His attempt to kill Orestes having failed, Cyril 
switched to Plan B. His target was a famous woman, a woman who was abnormal 
because she dared to philosophise, a witch who spent her time on horoscopes and 
the nefarious practice of reasoning, an unbelieving pagan and, to top it alla friend of 
Orestes who no doubt exercised a malevolent influence over the governor. 

The Christian mob, encouraged by Cyril, snatched Hypatia from her carriage, 
beat and stripped her, and mutilated her in the Temple of Caesareum, stripping the 
flesh from her bones with ostrakois. (It is not clear whether these were oyster shells 
or sharp fragments of roof tiles because the same Greek term is used for both.) No 
matter, the debate is somewhat academic; her death must have been horrific. After 
she died, they burned her remains. 
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THE ASTROLABE 


In Classical Greek, astron means ‘star’ 
and /ab can be translated by 'taker', 
so an astrolabe is a 'star-taker'. It is a 
mechanical device designed to reproduce 
the apparently complex movements of 
celestial objects. It is based, in essence, 
on the stereographic projection of the 
celestial sphere, but it took as its centre 
of projection not a pole — the projection 
endorsed by modern mathematics — but 
the observer; the astrolabe naturally only 


described the position and movement 


of the stars in a single hemisphere, the 

observer's hemisphere. Celestial movements that can be observed in three dimensions are 
projected on the two-dimensional plane of the astrolabe. In order to hold three dimensions in 
our hands, we have to use the armillary sphere or similar devices, which are precise replicas of 
the celestial sphere. 

We won't go into the detail of how an astrolabe works and its inner mechanisms, because 
it might take hours and it would. be completely fruitless without sufficient prior astronomical 
knowledge. We don't know for sure who first devised it, but Ptolemy established the theoretical 
fundamentals. It became increasingly complicated until arriving, in a fairly refined form, in the 
hands of Theon of Alexandria. Sinesio, one of Hypatia's pupils, explains in a letter that Hypatia 
helped him to construct an astrolabe and to understand how it functioned. 

The astrolabe has a ring so it can be hung vertically and used to take measurements. Without 
aiming to describe it fully and simplifying a little, an astrolabe consists of a circular disc or 
mother plate (Tycho Brahe referred to one that measured three metres across) with a graduated 
limb or rim. On one side the plate has a rule or alidade used to measure angles on the horizon. 
The other side, the womb, contains two circular plates, both graduated and bearing special 
pointers. They are the tympan (which is specific to each latitude) and the rete or framework; 
the latter rotates. This side also often contains a rule. Using the measurements and pointers 
described it is possible — but difficult — to determine the solar time, the time the stars rise, the 


position of an object (a planet, say) and do other practical things like measure distances. 


DISTANT HORIZONS 


The mob attacks Hypatia's carriage before killing her. 


Hypatia is credited with sayings such as “Preserve your right to think; it is better 
that you risk erring than commit the sin of not thinking", and "It is a terrible thing 
to teach superstitions as if they were truths". The brevity of these phrases perhaps 
denotes an overly modern way of thinking. They may be apocryphal, but as it says in 
Encyclopedia Britannica, they would have greatly irritated Saint Cyril. The outcome 
of this macabre and bloodthirsty tale was that Patriarch Cyril was made a saint in the 
year 444. He is also a Doctor of the Church. Later bishops and Christian historians 
agreed that the fault lay squarely with the satanic witch Hypatia, and that Cyril 
acted appropriately. The Church even created the counterfigure (based on a fiction) 
of Saint Catherine of Alexandria to sow confusion among believers. The gruesome 
details of Hypatia’s story were attributed to Saint Catherine, but told in reverse, as 
if some malicious disputatious third parties — naturally heretics unconnected with 
Christianity — had martyred her by mutilating her body with oyster shells. The story 
of Saint Catherine was so grotesque that the Church itself later denied her existence 
and, of course, her supposed sainthood. 

As a final biographical note, we should note Hypatia’s age at the time of her 
death. It is thought that when she was murdered she was about 45. 

Hypatia has latterly become an icon of feminism and tolerance, and all kinds 
of things have been dedicated to her: pamphlets, epigrams, classifications of moths, 
novels, comics, types of script, paintings, congresses, plays, cooperatives, photographs 
of Julia Margaret Cameron (in 1887), commentaries by Marcel Proust, articles, 
biographies and, most importantly, films. The most recent, made in 2009, is Agora, 
by Alejandro Amenábar. Although its screenplay takes a degree of artistic licence, 
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Amenábar'5 film was even screened at the Vatican for approval, passing the test 
without much criticism. In the film, Hypatia dies willingly and relatively painlessly 
at the hands of an obedient slave, before being stoned and ‘ostrified’. We'll never 
know if it happened this way, just as we will never know if, as the film relates, pushing 
the truth almost to breaking point, the affection that Hypatia felt for conics and 
Aristarchus's system led her to believe that the orbits of the planets were ellipses 
and that the solar system was heliocentric. Amenábar5 film makes both assertions. 


Aristarchus of Samos (c. 310-c. 230 ac) believed that the Solar System was heliocentric, 
in other words that the Sun was at the centre of the celestial sphere and that Earth 
orbited around it. In such a system the trajectories of celestial objects were difficult 

to explain and he had to resort to slightly strange inventions, such as epicycles. 
Hypatia was a supporter of Aristarchus's system and it is not impossible 
that, centuries later, her criticism of Ptolemy (who in the Almagest proposed 
a geocentric system), influenced Copernicus. 
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Sa | 
CONICS 


. This was the name given in the Classical world to three very common curves: the ellipse, the 
hyperbola and the parabola. They are obtained at the intersection of a cone and plane, which 

. iswhy they are also called conic sections. The plane may or may not be parallel to the edge of 
the cone, giving rise to a parabola or one of the other two conics. A particular type of ellipse 
is the circle, which is an ellipse without eccentricity, produced by a short plane perpendicular 
to the centre line of the cone. 


. Although they were first defined by Menaechmus (c. 380-c. 320 ac), Apollonius of Perga is 
regarded as the father of conics, naming them and studying them at length in eight books 
on which Hypatia wrote partial commentaries. Their importance derives from the fact that, as 
verified by Kepler and proved by Newton, the orbits of the celestial bodies are conic curves. 


Hypatia’s works cited in almost all sources are commentaries on pre-existing 


texts. We should take 'commentaries' to mean a cross between the original text and 
the detailed additions made by the commentator him or herself, a little like the 
annotations Fermat used to make in the margins of the books he read. Specifically, 
she wrote commentaries on Ptolemy's Almagest, Conics by Apollonius of Perga 
(c. 262—c. 190 nc), Arithmetic by Diophantus of Alexandria (b. between 200 and 214, 
d. between 284 and 298), and an Astronomical Canon that it is believed consisted of 
a series of star charts. Along with her father, she worked on Ptolemy's Almagest, the 
astrolabe and commentaries on Euclid’s Elements. By a twist of fate, the original 
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text of the modern version of this mathematical masterpiece came down to us 
through the Arabic translation of commentaries by Theon and Hypatia, translated 
into Latin in the 12th century. Working alone, Hypatia devised a hygrometer, 
a mechanical instrument used to determine the density and weight of liquids. 
However, no written work has been found that has unequivocally been shown to 
be hers. Her commentaries have either been lost or become so embedded in the 
original works that they cannot be separated from them. That said, she was regarded 
by her contemporaries as the most brilliant mathematical mind of her time. 


Diophantine equations 


Hypatia, as we have seen, devoted great efforts to commenting on Diophantus. What 
Diophantus described and studied in his 13 books (of which six survive) is very 
similar to what are now called, very appropriately, Diophantine equations — algebraic 
equations with integer coefficients and possible integer solutions; equations in rings 
Z |x, x,,..., x, ], we might say in somewhat pedantic modern language. 

Naturally, we could talk at great length about these equations, but they say a 
good example is worth a thousand explanations, so we will turn to a well-known 
and quite entertaining story told for the first time by the writer Ben Ames Williams, 
author of the best-sellers Leave Her to Heaven and All the Brothers Were Valiant. It is 
the problem of the monkey, the sailors and the coconuts. The story goes as follows: 

Five hungry sailors were shipwrecked on a desert island. The only thing to eat 
seemed to be coconuts, so they spent their first day on the island gathering them. 
It grew so dark that they decided to divide them up the following day and went 
to sleep. Laughing, they said goodnight to a monkey, who seemed to be the only 
anthropomorphous inhabitant of the island, and lay down on the sandy beach. They 
were soon snoring away. 

However, their intestines were also grumbling, and hunger woke one of the 
sailors. He went to the pile of coconuts, divided it up into five equal parts (let's 
suppose there were a coconuts in each pile) and ate his share. He had one coconut 
left over, so he gave it to the monkey. Having finished his feast, he went back to sleep. 
Soon afterwards, another sailor woke up and did the same as the first. He divided 
up the remaining coconuts — not noticing that some were already missing — ate his 
share (say b coconuts) and as he had one left over, he gave it to the monkey. This 
continued until the last sailor did likewise. He also had one coconut to spare and 
gave it to the monkey. The question is, as you might have expected, how money 
coconuts were there to begin with? 
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Where N is this number, the brainteaser can be solved with a system of 
Diophantine equations — no easy task — which represent the saga of the coconuts 
like a series of Russian dolls, some enclosed within others: 


N=5at1 
N-a=1=56+1 
N-a-b-2-5c*1 
N-a-b-c-3-5d*1 
N-a—b—c—d-4=5e +1. 


Where a, b, c, d and e are the number of coconuts the hungry sailors eat. 
Substituting step by step we arrive at the following expression: 


1,024 N= 15,625 e+ 11,529 


and at an infinite number of solutions, calculable using simple, elementary alge- 
braic methods (we'll leave it to readers to demonstrate their mathematical skills), 
and which proves to be: 


N=15,625A — 4 with Ae Z. 


In all the possible solutions, A must have an integer value. Naturally, the lowest 
solution with real coconuts, those that can be eaten, must necessarily be a positive 
number. Taking À —1 gives such a solution, N 715,621, which is the lowest possible 
solution. Another simple calculation shows that the sailors ate, in this order, 3,124, 
2,499, 1,999, 1,599 and 1,279 coconuts. They must have been hungry. Or, perhaps 
they just really liked coconuts. 


Elena Lucrezia Cornaro Piscopia (1646-1684) 


An opera by Donizetti tells of the adventures — or rather misadventures — of Cath- 
erine Cornaro, a Venetian noblewoman who was Queen of Cyprus and Armenia 
around the year 1500. The opera would be virtually unknown had it not been 
unearthed by Montserrat Caballé, who recorded a new version with José Carreras 
in 1972. 
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High-pitched trills aside, the name Cornaro was always a byword for distinction 
in Venice, as it was held by families of the noblest descent, people who became 
cardinals, popes... and even painters. 

The figure we are concerned with is Elena Lucrezia Cornaro Piscopia, who held 
the illustrious name Cornaro but did not reign anywhere except in her remarkable 
intellect. Perhaps we'll crown her queen of her mathematical era. It would be no 
exaggeration. Her name is abbreviated as Lucrezia Piscopia in most encyclopaedias, 
where she is recognised as the first western woman to be given the title 'doctor' by 
her contemporaries. Bearing in mind the state of the western world in her time, and 


the general situation of women this is a great distinction. 


Anonymous portrait of Lucrezia Piscopia held in the 
Ambrosiana Library in Milan. 


Lucrezia was born in Venice, in the Palazzo Loredan, to a noble family; her father, 
Giovanni Battista Cornaro-Piscopia, was the Procurator of San Marco, while her 
mother, Zanetta Boni, was of modest background. The fact that she came from a 
rich, noble family, a family that lived in the famous Piazza San Marco, meant that 
despite being a woman, she was given a thorough education in all subjects. Perhaps 
things would have turned out differently had Lucrezia responded less spectacularly, 
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but she was an unusually, nay astonishingly talented student. She was at ease with 
languages, which she began studying aged seven, and in which she soon proved 
herself worthy of the title Oraculum Septilingue, as she spoke Latin, Greek, Arabic, 
French, Hebrew, Spanish and her own language fluently. She also had a passion for 
music, and played and composed for the harp, harpsichord, clavichord and violin, in 
fact nearly all the noble instruments that could be played at the time. She didn't do 
badly in her academic studies either, making excellent progress in philosophy — lit- 
erature, rhetoric and logic — theology, science and, of course, mathematics, including 
astronomy. Her great loves were philosophy and theology. 

The only area in which she could summon no interest was the vanities of this 
world: despite not lacking for promising marriage proposals, Lucrezia evaded them 
one after another, as her secret vocation was to take the habit and become a nun. 
In 1665 she became an oblate, although never a fully fledged nun. But many years 
before, at the age of 14, she had already taken vows of chastity; Romeo and Juliet- 
style adventures were not for her. 

Her father longed for his brilliant daughter to seal her reputation by earning a 
doctorate, and Lucrezia applied to enter the University of Padua. “Theologians”, 
Spinoza said irrelevantly, "are like pigs. You twist one of their tails and they all 
grumble.” The distinguished theologians of Italy did exactly what Spinoza predicted. 
To à man — or to a theologian — they were all opposed to letting Lucrezia study 
for a doctorate in theology. It was too much for a woman, even one as apparently 
intelligent as Lucrezia. Popular wisdom tells us not to play with our food. And the 
theologians were saying that some sacred traditions should not be trifled with either. 
But what goes around comes around, and the theologians were eventually forced 
to back down on something. They came under pressure from all sides and, although 
they didn't give into all the demands, they did concede some ground. Lucrezia was 
allowed to study for a doctorate in philosophy, a less dangerous field than theology. 

On 25 June 1678, aged 32, Lucrezia presented herself before the learned assembly 
in Padua to be examined. There was so much interest that the session was attended 
by people from Bologna, Perugia, Rome and Naples, as well as her many friends, 
many of high status, from Venice. The cathedral had to be specially prepared for the 
event. Historians tell us that Lucrezia spoke in Latin on abstruse questions relating 
to the writings of Aristotle, leaving her learned examiners lost for words at the 
obvious superiority of her knowledge. They recognised her wisdom and awarded 
her a doctorate, investing her with the doctor's ring, professorial ermine cloak and 
poets’ laurel crown distinctive of her new title. 
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She was then made a member of various European academies, and lived the seven 
years of life that remained to her in exemplary fashion, broadening her knowledge 
and doing charitable works. She also gave classes in mathematics at the University 
of Padua. 

Lucrezia died of tuberculosis before the age of 40 and was buried in the habit 
of a Benedictine oblate in Padua, where a statue stands in her memory. Scientists 
can consult her writings — although she didn't write anything particularly notable 


or scandalous — as they were published in Parma four years after her death. 


Stained glass window at Vassar College (New York, USA) showing the 
final scene in Lucrezia Piscopia's doctorate ceremony. She is already resplendent in her 
ermine cloak and is waiting to be crowned with laurels. 


Posterity has exploited Lucrezia Piscopia's fame in different ways. For feminists, 
she is a legendary figure; for mathematicians, she is a key figure of her time; for people 
with more mundane interests, however, the name Piscopia represents something a 
little more frivolous. The Schaefer Audrey Yarn company uses the name Piscopia 
for a range of yarns made from artificial silk and wool. There are other varieties, 
including the Mae West, Josephine Baker and Calamity Jane. Not bad company for 


a mathematician and quasi-nun. 


20 


Chapter 2 


The Age of Enlightenment 


Intelligence: know thyself, accept thyself, excel thyself. 
Augustine of Hippo, bishop and saint 


The ‘Age of Enlightenment’ does not owe its name to urban street lighting, although 
it is true that during this era cities stopped being pitch black at night. What were 
illuminated were spirits. Reason and culture encouraged a move from blinkered 
minds and ignorance about almost everything to a recognition that human beings 
possessed something called liberty. At the time, this was only recognised and accepted 
by a small number of people. But when this number exceeded the critical mass (in 
the United States and France, for example), the world began to change. 

We will focus on two female figures who stood out during the first years of this 
wonderful age. 


Gabrielle Emilie Le Tonnelier de Breteuil, 
Marquise du Chatelet (1706-1749) 


While Hypatia ensured that female mathematicians made their mark on history, 
Emilie de Breteuil brought mathematics to Hollywood. Not many scientific lives 
contain so many of the ingredients of a good screenplay — social drama, feminism 
avant la lettre, wild passions, compulsive gambling, suicide attempts, the privileges of 
nobility, children and, to add an intellectual dimension, Voltaire and Newton. An ex- 
plosive mix! Emilie’s full and detailed story is perhaps too long to tell in depth, and 
her mathematical adventures are a little complicated to trace them exhaustively in a 
popular, conventional biography. (There are many books — some of them excellent 
with comic book illustrations — which tell her story.) Having said that, it is worth 
taking a peek into her world. 

Emilie de Breteuil (she later went by the names Breteuil Duchatelet or Madame 
la Marquise de Chastellet) was born in 1706, during the reign of Louis XIV, the Sun 
King. In an aristocratic household she lacked for nothing. Hers was a noblesse de robe, 
meaning nobility dedicated to public service. The masses, especially by the end of her 
life, did lack something — an intangible factor called ‘liberty’, but that’s another story, 
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Her father, Louis Nicolas, was a member of the lesser nobility, according to 
historians. When the king married, he made Louis a courtier with the job of 
introducing ambassadors, a role he fulfilled very well. He was a fair teacher, because 
contrary to contemporary custom (and her mother’s wishes) he gave his daughter the 
opportunity to gain knowledge, as if she were another son. She even took classes in 
fencing, as well as horse riding and gymnastics. Émilie also always loved hunting. It 
was customary at the time for only boys to study and for girls aged seven to be sent 
to a convent to be educated in what was thought should be the distinctive duties of a 
woman. They weren't to worry, for example, about reading or writing, but they were 
instructed in dancing, singing, embroidery, crochet and Catholic doctrine. With this 
and a dowry, a woman was now ready for the goal she had come into the world to 
accomplish — to marry and have her husband’ children. And bearing in mind what 
life was like outside the ranks of the nobility in the streets or fields, the truth is that 
this wasn't such a bad fate. 

Émilie was not only curious, but also very intelligent, and excelled in languages 
— a constant in all the women we have looked at: at the age of 12 she spoke Spanish, 
German, Italian and English, as well as translating very skilfully from Latin and Greek. 
She became an eminently rational character, reading virtually every book in the 
huge library in her house. It is well known that she even debated astronomy with 
Fontenelle, an assiduous visitor to her parents popular salon, which took visitors 
on Thursdays. Incidentally, another visitor to the salon was a young writer, poet and 
polemicist called Voltaire. Clearly, the marquise was a little mathematical genius 
in the making. Nonetheless, she still found time to ride and attend the opera and 
theatre, passions she would never tire of. 

At the age of 16, Emilie was officially presented to the court, a setting filled with 
mundane vanities, like dresses, shoes, and jewellery which she would always find 
adorable. Shortly afterwards, when Emilie turned 19, her parents married her off to 
Florent Claude, Marquis du Chátelet-Lamon, and she happily embarked on a life 
as a rich, married noblewoman, but continued her studies. She bore two healthy 
children, a son and a daughter, and at the age of 27, with her duties to the world and 
her husband accomplished, she told him of her desire to live life on her own terms. 
She would remain married and living the magnificent lifestyle she always had, paid 
for by the family fortune, but outside the marital home. This meant, in cruder terms, 
that her husband would give her permission to take lovers, travel, do what she liked 
in Versailles, frequent the opera and theatres, play cards — mathematics helped her 
to win, and she invested her winnings in books — read and study, write what she 
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liked... in short, to live in something resembling an earthly paradise. It is important 
to note that, regardless of Florent’s good will, such arrangements were not rare in 
the more tolerant nobility of the time. The fact that the marquis was often away 
commanding his Lorraine regiment made it all the easier. As for the children, the 
Marquise found them more irritating than anything else, but in this she was very 


similar to other noblewomen of her time. 


The Marquise du Chatelet in a portrait by the 
French painter Nicolas de Largillière. 


The new liberty sat somewhat uneasily with Emilie, who was still beholden to 
a count — who flitted from bed to bed — and she even attempted suicide when the 
count tired of her. Having learned her lesson, Emilie dedicated herself with renewed 
energy to her studies and calmed her passion for men. She was aided by an eminent 
mathematician, Moreau de Maupertuis (1698-1759) — also her lover — who had 


to interrupt his lessons to set off on an expedition to the North Pole where he 
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demonstrated, by measuring a meridian around the poles, that it was shorter than 
at the Equator. (Measurements of that were taken in Peru, among other places, by 
Jorge Juan and Antonio de Ulloa.) As a result, the globe was shown to be flatter 
at the poles. The measurements had repercussions, because they showed that the 
English scientist Newton had been right, contrary to the prevailing opinion of the 
likes of local experts, such as Cassini and Réaumur. Émilie was not left without a 
mathematician, as Maupertuis asked his student, the later eminent Alexis Claude 
Clairaut (1713-1765), to substitute for him when his workload became too much. 
He substituted for him in everything, even in bed. Both Maupertuis and Clairaut 
were part of the ‘pride’ of young lions who followed Newton and sowed the seeds 
for the soon-to-be glorious French school of mathematics. 

Many sources tell a story relating to Maupertuis that deserves to be heard. It 
goes without saying that the sessions at the Académie were male-only affairs, and if 
Émilie wanted to know what had gone on at any session, she had to wait to be told 
about it at home. Unless she was told about it close to the Académie, in a nearby 
café, for example. But this wasn't possible either, as the absurd framework of anti- 
female laws banned women from going to meetings in cafés. To cut a long story 
short, the Marquise overcame all these obstacles to go to see Maupertuis in Café 
Gradot... dressed as a man. Émilie was allowed in, although people were somewhat 
perplexed (it was obvious she was a woman) and she was free to attend the meeting 
of learned fellows. 


Voltaire and Émilie 


They sound like Paul and Virginie, Abelard and Heloise or Romeo and Juliet, and 
in some respects these are meaningful comparisons. In 1734, Voltaire faced one of 
his frequent legal prosecutions for saying what the justice system or his homeland 
did not want to hear; Émilie was outraged and appealed to her husband. They hid 
Voltaire in their then abandoned property at Cirey, in deepest, darkest Lorraine. 
Voltaire fled there, Émilie met with him and became his lover, and together they 
began a philosophical odyssey that would last, on and off, until Émilie's death. 
The house at Cirey became one of the intellectual hearts of Europe, visited by 
many of the pairs friends. Frederick the Great himself, the illustrious king, exchanged 
letters with Émilie, as did others including Bernoulli and Jonathan Swift. The library 
at Cirey swelled to 21,000 volumes, an enormous figure for the era. It was like 
having a home university. Voltaire did not neglect literature, but began to dedicate 
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much more time and effort to the sciences and to understanding how the world 
really worked. In fact, he and the marquise took an interest in almost everything 
— metaphysics, moral philosophy, physics, the natural sciences, history and deism. 

It’s a bit of a struggle to understand the strange ménage à trois at Cirey, as Florent, 
the marquis, only made occasional appearances, but he did visit. Voltaire, who was 
rich, asked him for a 40,000-Franc loan to tidy up Cirey.This suited Florent down to 
the ground, as he gained a residence in Lorraine and a wealthy debtor. One of the first 
presents that Voltaire gave Emilie was a luxurious bathtub. Between 1741 and 1755, 
the Pinacotheca scriptorum nostra aetate literis illustrium was published in Augsburg; with 
hindsight, it was a little like a Who's who, and the Marquise du Châtelet was included, 
along with the other most fashionable, important and erudite people of the time. 

Every now and then, the marquise would visit the court and do her bit as an 
aristocrat. Little did the ladies playing cards with the queen imagine — noted Voltaire 
ironically — that they were sitting alongside a player who commented on Newton in 
the privacy of her own home. And who usually won, as her mind was much quicker 
and more precise than those of her companions. 

Emilie pursued her writings and research. When she debated with Voltaire, she 
did so in English, so that the servants wouldn't understand. We will now look at 
her specific works, which were often interrupted by visits to the opera and theatre. 
Emilie’s daughter, who was ‘educated’ in a convent as per tradition, always had 
permission to take part in these discussions at Cirey. 

The inevitable emotional crisis happened in 1744, caused by a particularly hurtful 
infidelity on the part of Voltaire. Emilie and Voltaire separated and formally stopped 
living together as man and wife under the same roof, although they remained 
friends and colleagues. Emilie devoted herself body and soul to the colossal task 
of translating Newton's Philosophie naturalis principia mathematica into French. (Some 
of her detractors branded her “Milady Newton".) She also strove to find herself a 
suitable husband — in other words a rich and noble suitor for her daughter. On her 
travels she met and fell in love with the Marquis du Saint Lambert, and in 1748 
she realised that she was pregnant. She was now a still-beautiful but pregnant forty- 
something, and the storm clouds were gathering on the horizon; she hastened to 
complete her translation of Newton and confronted the birth. Everything seemed 
to have gone well, and Voltaire, the baby girl's father, and Florent were present to 
minister to her. But also lying in wait was the then terrible curse of childbed fever, 
and first Émilie and then her daughter died. 
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Voltaire writing Eléments de la philosophie de Newton, mis à la portée de tout le monde (1738), 
although in reality Voltaire wrote it with the marquise. His writing is illuminated from the heavens 
by a supernatural light (from Newton himself?) reflected in a mirror held by a nymph who turns 
out to be Émilie de Chátelet. Voltaire called her "Madame Pompon Newton de Chátelet" 
because of her love for both Newton and clothes. 
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- Newton himself attached great importance to the conservation of momentum, mass multiplied 
by velocity (mv), which he interpreted as the energy of a body in motion. In so doing, he did 
- away at a stroke with bothersome Cartesian concepts such as intrinsic force. However, Emilie 
.. followed Leibniz and his vis viva (drawing on Huygens’ idea), or living force, denoted by mv? 
and bearing a small exponent, a number two that identifies it as what we now call kinetic 
energy. 
The experiments conducted by Dutchman Willem's Gravesande (1688-1742) helped to convince 
|. her. Gravesande dropped metal balls on to a clay surface, noting that a ball with a velocity of 
- 2v did not leave an indentation twice as deep as a ball with a velocity of v, but rather one four 
. times as deep. A velocity of 3v yielded an indentation of 3? 29 times deeper. Therefore, energy 
. cannot be proportional to v, but rather to v?. 
The marquise was right, then. The energy of a body in motion is defined by a simple square. 
Émilie's independence of mind, in giving precedence to what she believed to be true (Leibniz's 


vision) over her beloved Newton, reveals an attitude as magnificent as it was shrewd. 


An impressive work 


In 1737, the French Académie des Sciences announced a competition on the nature 
of fire, and Voltaire and Émilie decided to enter. They began their experiments by 
calculating temperatures, heating substances and weighing residues; in short, by 
getting their hands dirty. However, their conclusions differed wildly. Emilie, when 
she wasn't working with Voltaire, decided to experiment in her own right and 
present her own results independently. First prize was won by another luminary of 
the era, Euler, but both Émilie and Voltaire demonstrated their intellectual abilities, 
and their entries also won prizes. Emilie’s essay was entitled Dissertation sur la nature 
et la propagation du feu, and included Leibnizian viewpoints and first-rate deductions. 
For example, she argued that different colours of light have different heating powers, 
which is completely true. One of the conclusions of the essay is that the real nature 
of fire is unknown; we would have to wait several decades for chemistry to explain 
the phenomenon of combustion. 

We could talk at length about Discours sur le bonheur, an admirable work (featuring 
the famous sentence “Whoever says wise says happy, at least in my dictionary. ”), but 
as its subject matter is scarcely mathematical we will leave this subject without 
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commenting further. Likewise we won't deal with the polemic she maintained in 
writing with poor Jean-Jacques Dortous de Mairan, permanent secretary to the 
French Académie des Sciences, whom the marquise crushed with withering ridicule. 
Nor we will we discuss her texts on religion (De l'existence de Dieu); it would only 
serve to highlight once again that nothing, including religion, escaped Émilie's 
sharp mind. 

The year 1740 saw the publication of the 450-page work Institutions de physique, 
which contrary to appearances was a popular science book, designed to teach her 
own son — indeed any young person — the principles of physics. 


Plate from Institutions de physique. 


It is a brilliant and unconventional summary of Descartes, Leibniz and Newton, 
representatives of partially antithetical schools of thought. As has already been rightly 
and elegantly noted, Emilie did not agree with Descartes’ whirlpools and vortices, 
with Leibniz’s monads, or with Newton’s extreme determinism, which required God 
to act from time to time as the universe’s timekeeper. She had to take the best bits 
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from each thinker’s work. The book was so well written that it led to the Marquise 
du Châtelet being appointed as a member of the Bologna Academy of Sciences. 
Her continual quoting of Newton in this book was the trigger for the unfortunate 
(for Mairan) polemical debate with Mairan. He protested against such unpatriotic 
daring (i.e. the evocation of Newton) and couldn't think of anything better to say 
than to accuse the marquise of quoting Newton without really knowing what she 
was talking about. Poor Mairan. To think that he dared accuse the marquise of not 
having read Newton. 

Leaving aside other writings outside the realm of the strictly mathematical, the 
main reason why the marquise's work is revered, especially in France, is her full, 
commented translation of Newton's crowning achievement (perhaps the crowning 
achievement of all science) — the three books of his Philosophie naturalis principia 
mathematica. The British genius published these in Latin in 1687 and they were later 
updated with three more comprehensive versions; the marquise based her translation 
on the third, 

Apart from the Bible and several other similar books (which some believe were 
not produced by human hand), Philosophie naturalis principia mathematica is regarded 
by many as the most important ‘conventional’ work of which records remain. Others 
stand out for the number of deaths they have caused indirectly, the unbridled 
imagination they reveal or their beautiful style. But the truth is that the book that 
paved the way for contemporary science and technology was Newton’s Principia, as 
the experts abbreviate the title somewhat irreverently. (In reality, virtually nobody 
alive today has read them all, fewer still in the original Latin.) 

It might be difficult for readers to grasp the absolutely colossal undertaking that 
translating the Principia represented. It was a splendid achievement that required, above 
all, first-rate mathematical qualifications, since the original is a mathematical treatise, 
written in Latin, bursting with incomprehensible figures and formulae. In fact, after 
the marquise’s translation into French, nobody has completed another, firstly because 
it was very difficult to improve on it, and secondly because-it proved a nightmare 
for anyone who did attempt it. A digital version will probably appear one day, but 
another print version seems unlikely. It is not merely a translation either; it is also 
accompanied by commentaries, clarifications — when she came across something she 
couldn’t master, she asked, as evidenced by her consultations of Buffon. There is also 
an exemplary section in which new calculus techniques are applied to Newton’s most 
difficult assertions. She immersed herself in her translation in the latter part of her life. 
Giving birth at the age of 43 was very risky at the time, and fears of death must have 
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THE PRINCIPIA 


The Principia deals with 
physics and mathematics. 
It brought new order and 
justification to previously 
disordered and disparate 
results, and also included new 
theories that took some time 
to be accepted by all - the law 
of universal gravitation, for 


example — and revolutionary Copy of the first edition 
methods of calculus. of Newton's Principia. 


Explaining the full contents 

of the three books would be a very difficult, long-winded and somewhat boring task. We will 
just say that Book | of the Principia focuses mainly on mechanics, following Kepler and Galileo, 
with a brief exposition of infinitesimal methods. Book II is designed, above all, to shatter the 
Cartesian theory of vortices and related beliefs, but it is worth noting that it largely focuses on 
motion through resisting media, The third is called De mundi systemate (On the System of the 
World) and it goes without saying that it is largely a treatise on astronomy — and of course a 
magnificent one. In time, three editions were published of the full work, each more complete 
than the last. The concepts of differential calculus and integral calculus are revealed through 
a study of physical phenomena, although Newton tended to use geometric language and a 
slightly clumsy mathematical notation (Leibniz's notation is clearer and was eventually adopted 
as the modern convention). 

The man behind Principia seems to have been Edmond Halley (1656-1742), who brought up the 
inverse square law and ellipses in a conversation he had with the notoriously taciturn Newton. 
Realising that Newton was in possession of a large amount of knowledge and methods that 
were unknown to the scientific community, Halley managed to persuade him to put them in 
writing. Newton applied himself to the task and his dedication to the book soon acquired 
legendary proportions. For a time he even abandoned his beloved alchemical experiments, 
which he valued above all else. In 1686, the illustrious Samuel Pepys, president of the Royal 
Society, granted permission to publish. Halley paid for the volumes to be printed out of his own 
pocket, as a book called History of Fishes had already consumed all of the learned society's 


publishing budget. 
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swirled in Émilie's head. She completed her work a few days before going into labour. 
It had taken almost ten years it to prepare it for publication, complete with prologue 
and a laudatory — from Voltaire himself, or course. Incidentally, when Émilie realised 
that things had taken a turn for the worse and that she might not survive the birth, 
she asked to be brought the manuscript and stamped it with the date: 10 September 
1749. It was her final scientific act. 

After Émilie's death, Voltaire wrote these words:“I have not lost a lover, but a half 
of myself, a soul for whom my soul seemed to be made" To Frederick II, meanwhile, 
he wrote something less intimate:"I have lost a friend of 25 years standing, a great man 
who had no other fault than being a woman, who all of Paris misses and respects." 

The writer David Bodanis says that Kant found it hard to believe that a woman 
like the Marquise du Chátelet was so intelligent. He found it as ridiculous as 
imagining a bearded lady. And yet it is possible; the marquise was as intelligent as 
her reputation suggested. Posterity has been kind to Emilie; many books have been 
written about her and her work, which has been the subject of many exhibitions. A 
crater on Venus is named after her, a great honour, although one that is so common 
among great scientific figures that it now feels almost obligatory. In a more worldly 
field, the famous contemporary composer Kaija Saariaho dedicated an opera, Emilie, 
to her, first performed in 2010 at the great Lyon opera house, with Karita Mattila 
in the title role. Emilie would certainly have appreciated that. 


Maria Gaetana Agnesi (1718-1799) 


Unlike other great women in mathematics, Maria Agnesi does not have a tempestuous 
life story. She lived like a dove. probably becoming a nun, and choosing to live a 
pious and poor existence devoted to religion. She never wrote anything ill-judged 
or awkward — although certainly unprecedented, as we will see — and she died like 
a little bird or, in the words of a famous song: alone, wrinkled and destitute. 


A quiet life 
Maria Agnesi was born and died in Milan, and was widely lauded after her death. 
If you take out an atlas of Venus you will find a crater named in her honour. This is 
a common tribute paid to great scientists, those whom posterity recognises as the 
brightest and best, who have achieved not just fame, but also excellence. 

Maria’s father, Pietro Agnesi, was not a university lecturer, as was believed for a 
time, but rather a rich merchant who made his fortune in silk. He had 21 children, 


31 


THE AGE OF ENLIGHTENMENT 


which now seems like a large number, but very few of them survived, and this was 
common at the time. Still, there were lots of children, and Maria, the eldest, had to 
take responsibility for raising them. 

Via Agnesi in Milan runs close to Via Bach. It is probably a coincidence, but 
there are two links between the Agnesi and Bach families: the number of children 
and the sound of music. One of Maria Gaetana’s sisters, Maria Teresa Agnesi, loved 
music and became a successful composer, recognised in her time and by posterity. 
She is known to have composed seven operas and numerous instrumental pieces, and 
there are many recordings of her compositions for harpsichord. Anybody curious 
to know what she looked like can go to the La Scala Museum in Milan, where her 
portrait hangs. 


ana Agnesi. 


Maria divided her time between children, music and social engagements, which 
were very frequent in the case of the Agnesi family, especially as their father used 
them to flaunt the dazzling talents of his eldest daughter, a consummate polyglot. 
Aged nine she spoke Latin, Greek and Hebrew, and four modern languages; she 
could speak French fluently by the age of five. She was an all-round prodigy who 


rose to every philosophical and scientific challenge. At the age of nine she could 
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translate into Latin and delivered a speech on the virtues of a first-class education 
for women (one assumes the text was written by her tutors). She could debate 
any subject, and her father showed her off, in the same way as we might exhibit 
the few treasures we have at home; he had in his household a genius and had no 
intention of hiding her away. It must be noted that 18th-century Italian society did 
not look down on this kind of thing. Contrary to the image of women as useful 
only for keeping house and raising children, in Italy, the country of the Renaissance, 
talented women received recognition. Meanwhile, in other less illustrious countries 
it was sometimes regarded as sinful for a woman to be literate, as danger is born of 
opportunity, and temptations and sin lay in store for those unfortunate women who 
learned to read and write. Literate women were only tolerated when they lived in 
à convent or wore a nun’s habit. 

Maria father’s displays of her talents did not make her especially happy, as she 
was always very reserved. The consequence of so many salon engagements was the 
publication in 1738 of her Propositiones philosophicae. This was a series of 171 theses on 
questions of the divine and the human, viewed from the divine standpoint, as the author 
was already very religious. It addressed such topics as tide theory, support for Newton's 
opinions, the origin of light and the properties of a number of geometric curves. 

Maria’s father had his children by a number of different women. To achieve 
such a high reproductive yield within the sacrament of holy matrimony, Pietro 
Agnesi required the support of three wives. When his first wife died (perhaps of 
exhaustion) it seems that Maria, who was 20 at the time, had a serious daughter- 
to-father conversation and managed to secure, in return for promising to carry on 
looking after her numerous siblings, a release from her duties as the centrepiece of 
every social engagement. She also chose not to enter a convent but, fortunately for 
science, she did not give up mathematics either. Her various mathematician friends 
included Jacopo Francesco Riccati (1676-1754), a famous figure among specialists in 
differential equations, who even sent Maria unpublished material for her to include 
in her future Instituzioni. 

We will discuss Maria Agnesi's contribution to mathematics presently, after 
concluding the story of her life. She had begun to write her only, albeit very large, 
mathematical text, the Instituzioni. Everything seems to have gone smoothly. She 
finished her book and it was published. Her fame as a mathematician was now 
firmly established and word had reached Pope Benedict XIV. Proud that an Italian 
woman was so well known and knowing of her exceptional talents, around 1750 he 
appointed her to the chair of mathematics at the University of Bologna. This city was 
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part of the Papal States, and the Pope limited himself to making decisions in his own 
backyard. He had been sent Maria Gaetana' book and, although it is very likely he 
didn't understand a word of it, he was very impressed nevertheless. Unfortunately, it is 
almost certain that Maria did not take up her position, not because she didn't deserve 
it, but because she had already devoted herself to a life of peace and piety. In any case, 
she was made a member-elect of the Bologna Academy of Sciences. Empress Maria 
Theresa of Austria, to whom the book was dedicated, reputedly rewarded Maria 
with a glass box, its lid inlaid with precious stones, and a diamond ring. 

Her father died in 1752, and Maria, freed of all ties, dedicated herself to her 
theological studies. It seems she became a nun and was appointed director of the 
Trivulzio Hospice in Milan, an institution devoted to caring for the poor and 
needy. The hospice and its members were also extremely poor. It is highly likely 
that Maria formally became a nun and abandoned the trappings and temptations 
of this world to devote herself exclusively to others. By now she also cared little 
for being a famous mathematician. On one occasion, having already joined the 
hospice, she was asked to comment on a calculus of variations text by the then 


INSTITUZIONI 
ANALITICHE 
DI D^ MARIA GAETANA 


AGNESI 
MILANESE 


Dé Acadrmis dolls Saveza di Booqua . 
TOMO I. 


a 


IN MILANO, MDCCXLVIIL 


NELLA REGIA-DUCAL CORTE. 
CON LICENZA DE SUPERIORI 


Cover page of the Instituzioni. 


34 


THE AGE OF ENLIGHTENMENT 


ALLA 
SACRA CESAREA REALE MAESTA 


pri 
AUGUSTISSIMA IMPERATRICE 


MARIA TERESA 
D AUSTRIA 
REGINA DONGARIA E DI BOEMIA 


ec cc e 


i J| volto neit animo per follevar- 
mia (perare , che Foi potefle, 
SACRA CESAREA 
REAL MAESTA’, con 
efirema degnazione accoglie- 
re meni che va fuperba del Fofiro 
Avgujlifime Neme, e de Feftri Fartunatif- 
E fimi 


Dedication of the Instituzioni, 
to Maria Theresa of Austria. 


young prodigy and scientist Joseph-Louis Lagrange (1736-1813) of Turin. Maria 
refused, saying that she no longer paid attention to such matters. 

In 1799, Maria Agnesi died, seemingly as poor as she had wished. Reports claim 
that she sold all her belongings to help fund the work of the hospice. 


A work of remarkable clarity 


Agnesi’ first (unpublished) mathematical work was an annotation and commentary 
on a text by the Marquis de l'Hópital on conic curves. Her published mathematical 
work can be reduced to a single book, the abbreviated title of which is Instituzioni, 
which addresses mainly differential and integral calculus. She began to write it — in 
the Tuscan dialect spoken by Dante Alighieri — when she was in her twenties but 
didn't publish until 1748. It is possible that she began work with the aim of producing 
something for her younger brothers and sisters, but then really got into her stride. 
She didn't publish anything else, but this work stands alone for many reasons. Firstly, 
because it is a mathematics reference book — still in print, even now — which has 
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stood the test of time. Secondly, because of its clarity. It is written in such transparent 
language and logically links previously disparate results so successfully that the two- 
volume work is a pleasure to read. It really is exceptional, and the full title Instituzioni 
analitiche ad uso della gioventù italiana (Analytical Institutions for the Use of Italian 
Youth) suggests that the author intended to make it genuinely accessible to all readers. 
The notation is so well chosen and modern that, as has been said many times, not 
a single comma needs moving for it to be intelligible to a modern audience. Maria 
Agnesi also took the trouble of using the notation of expert innovators like Euler 
to draft her book. 

The third reason why Agnesi’s book stands out is more profound. Europe was 
scientifically divided into two camps, the ‘islanders’, sticklers for the doctrines, 
explanatory methods and notation of the insular Isaac Newton; and the ‘continentals’, 
who were disciples of Leibniz. Like Tyrians and Trojans or fans of rival football teams, 
mathematicians were always members of one camp or the other. Maria managed 
something that at the time was very difficult — an explanation that united both 
intellectually equivalent viewpoints, by perfectly marrying the best from each. From 
another perspective, it is worth noting that Maria stresses that the two basic analysis 
operations, differentiation and integration, are reciprocal. That was a very modern 
viewpoint. 

The book was regarded in its time as the most intelligible and comprehensive 
work to be published since the Marquis de l'Hópital's book, more than 50 years 
before. One significant detail is worth noting: the text contains plates that make it 
much easier to read. At a time when printing was still a developing industry, the 
inclusion of plates was a real educational boon. Maria moved the printer's workshop, 
machines and all, into her own home to keep a close eye on the process. The pages 
had wide margins and a large, legible font. 

Instituzioni was not very successful when it was first published, owing to the 
subject matter and the minor contemporary impact of scientific works that were not 
strictly original and did not publish new discoveries; the costs of publication were 
borne by the Agnesi family fortune. The Instituzioni has to be viewed in context. 
The author herself hoped to use many well chosen examples to educate people 
about analysis, and did not intend to construct a treatise. Nonetheless, with time 
the text gained fame and recognition, and editions were published in French and 
English. The French translation appeared relatively late, as the publishers added to 
the original work a section on the basics of trigonometry which was thought to be 
lacking, and they were right. 
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The story of the English translation deserves a special mention. The translator 
was John Colson, a Cambridge professor, a sincere admirer of Maria’s exposition, but 
someone with a very rudimentary grasp of Italian. At the end of the first volume, 
Agnesi introduces a special curve, previously defined by the geometer Guido Grandi 
(1671-1742), and sets out to explore its features. Grandi called the curve the “curva 
versoria", after a naval term meaning the rope that operates a sail. It is a little difficult 
to explain, but the term “versoria” is from the Latin vertere meaning ‘turn’, and the 
story really began when Guido Grandi drew an analogy between this Latin term and 
the expression sinus versus. This would all be of no real importance were it not for 
the fact that this led to a strange translation error.A commonly accepted explanation 
is that in translating “la versiera di Agnesi”, Colson actually translated the expression 
“la avversiera di Agnesi”, which would not be too serious either if avversiera did not 
literally mean ‘witch’ or ‘sorceress’. From then on, all English mathematics books or 
books translated from English call this curve ‘the witch of Agnesi’. The name, with 
its faintly satanic resonance, caused a furore, and Maria Agnesi (who as we know 
was a nun, not a witch) is known for her mathematics less because of the merits of 
Instituzioni than for the slightly eccentric name of the curve. The momentum was 
already unstoppable. There is even a piece of music for seven instruments that its 
composer calls The Witch of Agnesi. 

Despite this, the translation by Colson, who died many years later without seeing 
his work published, was quite remarkable. He was inspired by a sincere and all- 
consuming love for the beauty of the work, and even went out of his way to translate 
the paragraphs that he thought sounded Leibnizian into indigestible Newtonian 
notation (although he got it completely wrong). Nothing else should have been 
expected of an ‘islander’ mathematician. Nonetheless, it is worth pausing to note 
the cruelty and injustice of history. Agnesi’s work occupies more than twenty tomes 
in the Ambrosiana Library in Milan. Yet if we asked a scientist whether the name 
Agnesi meant anything to him, if his answer was yes, he would very likely mention 
the story of the witch, not the mathematician and her magnificent contribution. 


The Agnesi curve 


The Agnesi curve had already been examined by Pierre de Fermat (1601-1665) in 
1630 and by Guido Grandi in 1703. In more antiquated terms, the Agnesi curve 
had previously been known as a ‘geometric place’ (locus geometricus). Today we would 
more properly refer to a collection of points satisfying a geometric property, In this 
case, the property is somewhat elaborate. 
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We take a pair of Cartesian axes and draw a circle with centre C and diameter 
a on the vertical axis. We call O and T the top and bottom points of the circle. The 
Agnesi curve is linked to the points on this circle as follows: we take any point A 
on the circle and draw the straight line OA, which intersects the tangent a at B, 
which is the line parallel to the x-axis which passes through T. 


y 


The corresponding point P of the Agnesi curve will be as shown in the diagram. 
Its ordinate is through A, and its abscissa is through B. It is more complicated to 
explain than to understand. The form of the curve does indeed suggest the rope 
used to hoist a sail. 

Finding the Cartesian equation for such a curve is quite a different matter, 
although it doesn't present huge difficulties. A smart A-level student could tell us, 
after performing a few calculations, that the equation is: 


This means that the Agnesi curve is a cubic plane curve, in technical terms. For 
a circle of unit diameter, the form of the equation is particularly simple: 


v= - 
xt 


Finding a parametric expression is more of an achievement and not everyone 
will be capable of doing it. With a little effort, the same smart student from above 
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would come to the conclusion 


which is the parametric equation with parameter t. To conclude this rudimentary 
study of the Agnesi curve, it is worth noting that the symmetric points with ab- 
scissa 

2 

xt 

3 
are inflection points at which the curve changes direction — abruptly — from being 
concave downwards to concave upwards. If we turn to integral calculus to find the 
area S enclosed within the curve and the horizontal axis, we get 

E mr 
Se [—— 25, 


2 
Lx +a 


which is four times the area of the circle that defines the curve. This permits the 
paradoxical inference, for people with philosophical training but little practical 
experience, that a curve of infinite length encloses a finite surface area. If the curve 
rotates around the x-axis, the volume of the body of revolution generated is 


3 
a 


R. 
2 

The centre of gravity of the witch curve is on the y-axis — the curve is symmetrical 
along this axis — at the point (0,a/4). 

The Agnesi curve is famous not only for its name, but nowadays it is not regarded 
as hugely important and comes up infrequently in higher mathematics (Plücker's 
conoid, Cartan’s umbrella). Its most notable manifestations are perhaps the physical 
phenomena of light radiation and the statistical phenomena linked to the so-called 
Cauchy-Lorentz distribution, a probability distribution for which the density 


function, in its simplest form, is: 
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DERIVE? INTEGRATE? SAME DIFFERENCE 


Looking with a degree of perspective at the imposing edifice that is infinitesimal calculus, the 
first conclusion we reach is wholly intuitive: if we know all the minute instant variations of 
something that is varying, we can calculate, using some type of sum, the general variation 
based on the small variations. This intuitive observation leads us, naturally, to derivatives and 
integrals. 

The thousand pages of Instituzioni analitiche ad uso della gioventù italiana look solely at the 
subject of differential and integral calculus. The emphasis is also on the fact that differentiation 
and integration are reciprocal problems, which might seem intuitively obvious to us today and 
is one of the first things we learn in A-level maths, but it was not a given in 1748. 

Expressed in modern and unfortunately longer but more precise terms, the colloquial statement, 
“Integration and derivation are reciprocal operations", would be as follows: if fis a continuous 
function at [a, b] and we define 


fiftüat- Foo, 


then Fis derivable at [a, b] (it is said to be a primitive of f) and F'(x) = f(x). And, if F is derivable 
at [a, b] and F'() 2 f (x), then 


fifeodx- Ftb)- Fla) 


This dual mathematical proposition is called the fundamental theorem of calculus. Its statement 
is attributable almost entirely to Isaac Barrow (1630-1677), the man who generously gave up 
his Lucasian Chair of Mathematics at Cambridge to Newton. 
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The ‘Witch of Agnesi' as it appears in the last 
pages of volume | of Instituzioni. 


Sophie Germain (1776-1831) 


Let's do a mathematical experiment with an electronic calculator. It is nothing new, 
so if you have done it before feel free to skip this paragraph. It's better to do the 
experiment with a fairly basic calculator, perhaps an old one; modern devices are 
getting better all the time — and so might let us down. The experiment we're trying 
appeared in an episode of The Simpsons, and you'll know that Homer Simpson's 
adventures usually end in failure; don't tell us we didn't warn you. 

Homer comes across this equation 


1,782? 1,841? 1,922", 


This is Homer we're talking about, by definition a mathematical ignoramus, so 
he checks it quickly. He takes an old calculator, one of the ones that only do the 
basic operations and display up to 10 digits, and calculates: 


1,782! - 1,841", 


He then calculates 1,922"? and — surprise surprise! — the 10 digits on the screen 
are the same. So, we can wave goodbye to Fermat's famous conjecture. We've found 
a counterexample: 


1,782'2+ 1,8417? — 1,922". 
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Or have we? We can explode the myth using a good calculator which does 
not give zero when we do the subtraction. If it can cope with a good handful of 
decimal places, the calculator will give two numbers which result in a difference 
of 700212234530608691501223040959, which is not actually very much, almost 
nothing in fact compared to the size of the powers employed (each has 40 digits), 
but enough to ensure that Fermat’ conjecture — it has actually been a theorem since 
Sir Andrew Wiles proved it — still stands. But in the 19th century this was not yet 
known, merely suspected. It was suspected by Mr Antoine-Auguste Le Blanc, or 
perhaps we should say Sophie Germain, the woman who went by that name. Mr Le 
Blanc really did exist, but he was an entirely different person — with a moustache, 
to boot. Sophie Germain was merely using a nom de plume. And having come this 
far, we need to backtrack a little and impose some order. Let's begin by explaining 
who Sophie Germain was. 


A determined woman 


Sophie Germain was born in Paris, the second of three sisters, to a family that could 
call itself rich, but not noble. According to most sources, her father was a successful 
silk merchant who became director of the Bank of France. Sophie came unscathed 
through the troubled era of the French Revolution which cost so many people 
their lives and positions, for good reason or bad. The reason for this was that during 
the convulsions of theTerror, Sophie fought not against Robespierre, but against a 
society that seemed to have no place for a woman with mathematical concerns. As 
has been noted many times, it was quite customary among the nobility for a woman 
to know something of contemporary science — so that she could discuss it with her 
male friends — but for a bourgeois woman to know or claim to know something 
was ridiculous. There was no place for science in the sacrosanct, rich woman's world 
of needlework, embroidery, the piano, watercolours and children. A book from the 
period, Newtonianism for Ladies, illustrates this for us. In an illuminating section, two 
aristocratic ladies frivolously discuss the inverse-square law of gravitation. In a faintly 
surreal dialogue, the speaker, a marquise, suggests an analogy that would have had 
Newton turning in his grave. “This law of inverse attraction could be applied to 
love. After eight days apart, love becomes sixty-four times stronger.” Let's move on 
quickly, shall we? 

Sophie began to take an interest in mathematics when she read a book by 
Jean-Étienne Montucla (1725-1799) from her father's library about the death of 
Archimedes at the hands of a Roman soldier. “Don’t bother me now, and don't touch 
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my drawings in the sand;" Archimedes is reported to have shouted to the soldier 
who was arresting him. Irritated by the scientists lack of diffidence, the soldier ran 
him through with his sword. Well, Sophie said to herself, if Archimedes sacrificed 
his life for some drawings then they must have contained information of real value. 
But what was this thing called geometry, which was so valuable it was worth a life? 


Bust of Sophie Germain. 


We now come to a story that has been told many times, and embellished and 
embroidered by many a biographer: Sophie chose to know more about mathematics 
than her status as a bourgeois woman permitted. She dared to read Euler and 
Newton! Her close family, concerned by this unseemly extravagance, were very 
upset. Sophie actions were unworthy of a young lady; she was daring to commit 
the grave sin of thinking in scientific terms, task reserved for the hardy male brain. 


Mathematical knowledge could even lead a woman into madness, as her narrow 
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mind had no capacity for such excesses. She was absolutely determined, but her 
parents were equally steadfast. Because Sophie was working on maths at night, they 
took her clothes away from her so that she had to stay in bed. They also deprived her 
of candles, candlesticks, oil lamps and other items. To no avail: Sophie, immune to 
the freezing cold, dressed in any old rags she could find and hid pieces of candle in 
her room.The struggle continued for some time and was won by the most resolute, 
stubborn party; we don't need to tell you who.Thus Sophie became, little by little, a 
good amateur mathematician. And we choose this second adjective advisedly: if she 
had had access to a professional to guide her education and reading, she might have 
been one of the field's brightest lights. Her imagination, intuition and strategy were 
still excellent, and although she sometimes didn’t reason as rigorously as necessary, 
she tackled topics with a perfect grasp of their real essence. 

In 1794 the pioneering Ecole Polytechnique opened its doors, and the ultimate 
purpose of its teaching programme was quite similar to that of the US West Point 
academy; its graduates were the officials and experts of the future, ready to use their 
excellent training and mathematical knowledge to serve the military. Of course, while 
the aims of the Ecole were certainly laudable, they didn’t include training young 
ladies. For Sophie, this was hardly an insurmountable obstacle. One of her friends, 
one Antoine-Auguste Le Blanc, attended courses at the Ecole, meaning that Sophie, 
who had Le Blanc’s consent to use his name, still had access to the school's handouts 
and texts and used the nom de plume ‘Le Blanc’ as her own. Necessity drove her to 
become a hermaphrodite mathematician. 

When Mr Le Blanc left Paris, the Ecole’s management did not realise he was 
away and continued to send him all his letters, handouts and exercises, which Sophie 
solved and duly returned. The course leader, Lagrange, one of history's most brilliant 
mathematical minds, couldn’t get over Mr Le Blanc’s transformation. From being a 
dunce in mathematics he had become an outstanding student who submitted original 
and creative responses. Lagrange requested a face-to-face interview with his student 
and was astonished when he finally got to the crux of the mystery. He turned out 
to be a she, and Lagrange, ever respectful of women, put himself at Sophie’s service 
and became her mentor and guide. 
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Mathematical Sophie 


So Sophie Germain devoted body and soul to her beloved mathematics. She never 
married, instead pouring all her energies into her vocation. She focused on number 
theory in particular, and on Fermat's conjecture, which captivated her with its strange 
blend of a clear statement and enigmatic solution. Fermat had apparently solved it, 
or so he claimed, and yet it was seemingly impossible to prove. She began her career 
in mathematics by sharpening her tools, metaphorically speaking, with Legendre 
and others. Having whetted her appetite, Sophie was still young in 1804 when she 
wrote to no less a figure than the greatest mathematician in the world — Gauss — 
explaining her ideas and discoveries relating to Fermat' conjecture. After publishing 
his Disquisitiones arithmeticae, Gauss was the greatest authority on number theory, and 
Sophie entered into correspondence with him with all due respect. In fact, she did it 
under the pseudonym Le Blanc, in case her correspondent didn’t take her seriously. 
And she was surprised to find that Gauss responded amicably, although he didn’t 
send her concrete answers to all her questions. This would have meant reading them 
in depth, à great effort in terms of time and brain power. In other words, Gauss only 


read the parts that interested him. 


At first, Sophie Germain corresponded with Gauss under 
the pseudonym Le Blanc. They never met face-to-face. 
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The fiction was revealed some years later, when Napoleon invaded German 
territory. Sophie, worried something might happen to Gauss, turned to one of her 
friends, General Pernety, who by chance was leading troops close to the mathematician’s 
home. Pernety gallantly guaranteed the security of Gauss and his property, paid him a 
visit and clumsily revealed Mr Le Blanc true identity to Gauss. Gauss wrote to Sophie 
to express his astonishment at discovering her true gender. He had never guessed that 
the possessor of such mathematical wisdom might be a woman. It is little more than 
a curiosity, but Gauss and Sophie Germain never met in person. 

Sophie Germain is always associated with the solution to Fermat's famous 
conjecture. That Fermat made a mistake, and very probably on a subtle and 
convoluted point arising from the use of a certain cyclotomic polynomial — we 
won't go into that — was the immediate assumption, but the proof of the conjecture 
never came. The appeal of the conjecture is obvious. Anybody can understand it, 
yet it conceals a degree of mystery (in the words of Fermat himself), it is expressed 
using very few algebraic symbols, and attractive cash prizes have been offered 
to anybody who could solve it, etc. Genuinely professional mathematicians have 
nearly always been less enthusiastic about it than mere mortals. It is undeniable that 
Fermat's conjecture was once the most famous mathematical challenge, but stars 
like Gauss, or later Hilbert, showed little enthusiasm for devoting serious efforts to 
it. This is arguably a classic case of the fox and the grapes (a hungry fox dismisses 
a bunch of grapes that are beyond his reach as being sour and unworthy of any 
effort to attain them) but when dealing with such intellectual giants we have to 
test the waters first. Gauss argued that a solution to Fermat' conjecture would not 
bring about major progress for science because its content and ramifications were 
of little real consequence and — this was very true — he himself could posit many 
other similar conjectures. 

Whatever the truth, proving or disproving the conjecture would be no easy task. 
Sophie Germain proved, for example, that if n=5, if there were a counterexample, 
it would have to be of a colossal size, larger, according to her calculations, than 69 
1,053,006,763,356,095,514,121,490,614,455,078,525. She had to proceed slowly, 
exponent by exponent first, then by families of exponents. 

Let's pause briefly to discuss Sophie Germain' approach to Fermat's theorem, 
as it was utterly innovative. Attempts to prove the conjecture had always entailed 
— and would entail in the future — proving that values of x, y and z did not exist 
such that x"+y"=2" for a definite, concrete value of n. So, Fermat proved the 
conjecture for n— 4; Euler, for n — 3; Legendre, for n —5; Lamé, for n=7, etc. But 
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Sophie used a different strategy, trying to impose conditions on n such that, if they 
were fulfilled, n would be practically excluded, out of the running. To this end she 
created a special class of prime numbers p (now called Germain primes). A prime 
p is a Germain prime when 2p +1 is also prime. Out of interest, here are the 
Germain primes below 200: 2, 3,5, 11,23, 29, 41, 53, 83, 89, 113, 131, 173, 179 and 
191. Another interesting point: the largest known Germain prime (as of 2012) is 
18,543,637,900,515 x 255559 — 1. which has 200,701 digits. 

On the subject of Fermat and Sophie Germain, which is not straightforward even 
after 200 years, anybody with an interest might like to visit the website http://sofia. 
nmsu.edu/~davidp/germain06-ed.pdf, where they will find a fascinating, exemplary 
and advanced discussion that we would not have space for here. At this point, it 
is relevant to say that her results were only revealed and recognised publicly and 
universally in 1830, when Legendre published his Théorie des nombres. 

After the Napoleonic episode, Gauss was appointed director of the astronomical 
observatory of Góttingen, and number theory was no longer the focus of his 
professional activities; he moved on to pastures new and ceased his correspondence 
with Sophie (and others). Sophie no longer had his assistance for tackling Fermat 
and, very reluctantly, she transferred her attention to other fields. Her method was 
later used by Lagrange and subsequent specialists. In any case, her approach to the 
theorem amounted to the largest advance made between 1738 and 1840, when Ernst 
Kummer (1810-1893) worked on it. 

The question for which she is most famous was a topic that combined physics 
and mathematics: membrane elasticity. After presenting two essays to the Academy 
of Sciences, her work Recherches sur la théorie des surfaces élastiques finally won her a 
prize — which came with a gold medal weighing one kilogram! However, Sophie 
did not attend the prize ceremony, rejecting the subtly disrespectful attitude of some 
academics, including the likes of Poisson. 

She was already a middle-aged woman when her merits began to be recognised. 
The Institut de France awarded her a special medal for her work, and she was the 
first woman not married to an academic to attend the sessions of the Académie des 
Sciences. She is reported to have attended them seven years after being awarded her 
prize, on the arm of the great Joseph Fourier (1768-1830), then the secretary of the 
Académie. Her later work focused mainly on differential geometry, specifically the 
curvature of surfaces. In her Mémoire sur la courbure des surfaces she used the later-to- 
be-classic concept of mean curvature. If c, and c, are the maximum and minimum 
curvatures, the mean or Germain curvature is: 
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THE CONJECTURE THAT LASTED FOR FOUR HUNDRED YEARS 


We know that there are infinitely many Pythagorean triples: trios of integers x, y, z that satisfy 
the Pythagorean relationship 


xyz? 


We only need go as far as: 
374 427= 52, 


to find an example of a relationship that, some believe, was already known to and used by the 
ancient Egyptians. 

One day in 1630, Fermat, a great specialist in the field, read a book on Diophantus’ work and 
noted that expressions using the remaining exponents, 


x. yii 
xt+ytaz4 


x5 yizz. 


etc., were impossible. A cube could not be divided into the sum of two cubes; nor could this 
happen with a fourth power, or a fifth or, in fact, with any power. Fermat himself found a 
marvellous solution, but unfortunately it did not fit in the margin of the book he was reading 
— Fermat used to write his own comments in the margins of the books he read — and so he 
refrained from writing it down. Here is the famous conjecture in algebraic terms: 


"|f x, y, z e N are positive integers, the equation x" + y” =z” has no solution when n» 2." 


For nearly four hundred years, we were kept in the dark. Was Fermat's conjecture true or 
not? Was it or wasn't it a theorem, a proven truth? Furthermore, if it really was a theorem, 
where had Fermat got it wrong in his supposed "marvellous proof"? Because he must surely 
have made a mistake. It was highly unlikely that Fermat alone would have proved something 
that had continued to withstand, year after year, intellectual attacks from the keenest minds 
of humanity, noting only that it wouldn't fit in the margin of his book. 

After centuries of waiting, Andrew Wiles (now knighted) put us out of our misery in 
1995, but it took him two attempts and several years of work to solve it, using the most 
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sophisticated and modern tools of number theory. Contrary to expectation, the connection 
between modular forms and elliptic curves that he used in his work did in fact turn out to be a 
new and important approach to first-order mathematical concepts. So Fermat's conjecture did, 


finally, have important consequences when it became a theorem 


Pierre de Fermat said he had solved his famous conjecture, 
which became a theorem in 1995, but he never proved it. 
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Resuming her correspondence with the elusive Gauss, he recommended that 
his university, Góttingen, award her an honorary doctorate. And that was that, ex- 
cept the nomination was made in 1830, and Sophie died before receiving it. 


ELASTIC PLATES 


Sophie began investigating elasticity because of the experiments carried out by the German 
physicist and engineer Ernst Chladni (1756-1827), which gave rise to the curious ‘Chladni 
figures' and which were shown somewhat theatrically to representatives of the Institut de 
France and even Napoleon. Glass plates covered with sand were vibrated by rubbing them 
with violin bows, producing unexpected patterns in the sand — many of them beautiful and 
symmetrical. This revealed the first known example of what would later be known as two- 


dimensional harmonic motion. 


Production of a Chladni figure. 


The Paris Académie des Sciences held a public competition to find laws that governed elas- 
ticity, and in 1813 Sophie's essay Mémoire sur les vibrations des plaques élastiques won the 
grand prize. For Sophie, who had often been accused of leaving gaps without clarification in 
her proofs, the award came as something of a vindication. 
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Alas, she did not die as peacefully as she deserved. She died of breast cancer, 
which at that time was an incurable and painful disease, after enduring two years of 
suffering. Her death certificate describes her as a "person of independent means”. She 
was certainly that, but she would have been better described as a “mathematician”. 

Sophie Germain is remembered by science for her talent,and by women in general 
as a role model. She is also remembered in Paris, where a street is named after her. 
Her immortality is fostered by the appearances she makes in science fiction novels. 
And there is a crater on Venus that bears her name. But the greatest contribution to 
her work are the many schools and institutes named ‘Sophie Germain’. 
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A Celestial Intermission 


Aristotle maintained that women have fewer teeth 

than men; although he was twice married, it never occurred to him 
to verify this statement by examining his wives" mouths. 

Arthur Bertrand Russell, mathematician, philosopher, 
political activist and writer 


What the women described in this chapter have in common is that they were 
astronomers and were also elected, in the same session, as members of the Royal 
Astronomical Society, a venerable institution founded in 1820 by British astronomers 
— all of them men. The women weren't full members, merely honorary ones. That 
was as close as prejudice allowed them to get to the distinguished decoders of the 
Universe. 

The society didn't admit women as full members until 1915. Of all the scientific 
shackles that the male gender has imposed on the female, this is particularly grotesque: 
was the ability to view the stars for some obscure reason reserved for male eyes? 
We will never manage to understand it. However, neither will we understand the 
Aristotle referred to by Bertrand Russell, and that was THE Aristotle. 


Caroline Lucretia Herschel (1750-1848) 


Our view of the heavens is not realistic: we only see the starry firmament at night, 
and then usually with the naked eye. The skies are a magnificent stage, on which we 
see unfolding dramas like exploding supernovae and black holes sucking in material, 
and we might see spectacles of unique majesty and beauty, like the appearance and 
colours of the great galaxies. But this whole panoply of images is only accessible 
to people with good telescopes. The naked eye can see some of it, but very little. 
In recent times, just how unreal our human view of the Universe really is has been 
laid bare. 
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The Hubble Space Telescope was the first automated orbiting telescope, launched 
by NASA and located beyond the limits of the awkward atmosphere, away from any 
pollution (both light and atmospheric). It has provided us with images of breathtaking 
purity and detail. When the European Space Agency launched its telescope in 2009, 
it named it Herschel. It is much bigger, with a lens measuring 3.5 m in diameter, 
and observes the universe using the infra-red spectrum. If Hubble left us open- 
mouthed, Herschel will amaze us. 

Lets take it from the beginning: Herschel is named in honour and memory of 
the greatest astronomer of the 18th century (1738-1822), a German-born Briton 
Wilhelm Herschel, later renamed William in the green fields of Georgian England. 
Among other things, he earned enduring fame by officially discovering the planet 
Uranus, which had already been observed but not identified. Of course he called 
the new planet George’s Star after King George III in somewhat servile tribute to 
the monarch of the day, but we will not reproach William for being an ingenious 
scrutiniser of the heavens but indifferent to earthly miseries. We need to know only 
two things: in the end the planet was called Uranus (from the mid-19th century) 
and that William Herschel had a sister, who like him was an astronomer. We will 


focus on her from now on. 


The life of a diminutive servant 


The Herschel family was German, from Hanover (like the founder of the current 
British royal line) and the patriarch, Isaak, was a military bandsman by trade. His eldest 
son, Wilhelm, was destined for the same role, playing the oboe in the regimental 
band — which was insufficient training for when he eventually ended up in combat. 
The catalogues of one particular infantry company still include a record of Wilhelm’s 
concerts, implying that he was intelligent and sensitive, both of which were virtues 
that were of little value in a military setting. It should come as no surprise, then, 
that Wilhelm should beat a hasty retreat after his almost literal baptism of fire at the 
Battle of Hastenbeck (his side lost), and in 1766 he emigrated to the sister kingdom 
of Britain (at that time Hanover and Britain shared a king and citizenship) in search 
of peace. 

His sister Caroline, two years his junior, stayed in Hanover as little more than a 
servant, as her mother said that she needed help and was firmly of the belief, then 
typical, that women were only good for domestic chores. These were chores that 
Caroline could only perform as a servant and not as a housewife. At the age of ten 
she had survived a bout of typhoid but at the expense of her growth — she grew to 
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less than 1.30 m in height, and as well as being diminutive — very short by modern 
standards — she was not very pretty. Her mother took it for granted that she would 
never marry — on this she was right — and that her calling lay in domestic service. 
On this she was wrong, as we will see. 

Caroline still remembered the time when, as a young girl, her father had shown 
her the heavens, the constellations and a comet that by chance was visible, pulling 
its tail behind it. In doing so perhaps he had sown a seed that would germinate and 


grow into a leafy tree. 


Portrait of William Herschel at the age of 47, 
by the British painter Lemuel Francis Abbott. 


Caroline must have grown sick of her stifled existence at her mother’s side and 
escaped to Britain in 1772 when William needed someone to keep house for him. He 
hadn't been doing badly in Britain, and had managed to make a living from music, 
arranging concerts, playing the organ and directing choirs. Caroline turned out to 
have a fine voice, and after a few singing lessons sang as a soloist in several concerts. 


There then happened to William one of those things that, like Paul the Apostle’s fall 
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from his horse, would change his destiny and, as a consequence, that of many other 
people. One day he happened across a book on astronomy, which many people 
think was Ferguson’s Astronomy Explained Upon Sir Isaac Newton's Principles (1750). 
William took to the science of the skies, and it took to him. He immediately saw 
that the future lay in the lenses of reflecting telescopes, and he set to work polishing 
lenses in frenzied fashion and to making and selling increasingly refined devices. 
After a while, his sister began to help him; her nimble fingers seemed to have been 
designed for that very purpose. 

William, who was a musician but had also whiled away many hours studying 
mathematics and astronomy, taught his sister what she needed to know to help him 
in his astronomical research. It is fair to say that Caroline never mastered the whole 
of mathematics nor aspired to do so; she limited herself to harvesting those items that 
she needed from its large and fertile fields. She did the heavy lifting for her brother 


and the tedious trigonometry before and after his observations. 


Oil painting of Caroline Herschel at the age of 79. 
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Her mind seemed to be in its element, and the celestial mysteries and deep voids 
of spherical trigonometry were gradually conquered. Naturally, it didn't happen 
suddenly, but her dedication paid off in time and when combined with rigour 
produced magnificent results; she gradually acquired astronomical wisdom. Caroline 
brilliantly took on board the astronomy lessons her brother gave her and in 1782 
she was already making observations of her own. William had provided her with 
her own telescope and Caroline dedicated herself enthusiastically to, among other 
things, hunting comets. We shouldn't forget that in 1781 William Herschel discovered 
Uranus and became universally famous. 

For her part, by 1790 Caroline had discovered, with nobody's help, six comets. 
That would be quite an achievement for anybody, and an unheard-of feat at that time 
for a woman, whether 1.30 m in height or otherwise. She discovered her first comet, 
undoubtedly a glorious moment, on 1 August 1786. During the period 1786-1797 
she discovered a further eight indisputably new comets, earning her the nickname 
the first lady of astronomy. Caroline earned recognition as an astronomer in her own 
right. As an assistant to the top astronomer in the kingdom, in 1787 his majesty 
awarded her an annual salary of £50. She was earning money, and good money at 
that. She was the first woman, in any country, to earn a public salary for carrying 
out scientific work. As you might imagine, the search for new celestial objects was 
not limited to comets. She also discovered nebulae and star clusters. 

In 1788, William married and it seems the relationship between the siblings 
became somewhat frosty. However, they continued to work together and ten years 
later Caroline completed her star catalogue, which summarised all the new discoveries 
and updated and correctly referenced the famous results of John Flamsteed, the 
Astronomer Royal and contemporary of Newton. In it she added no fewer than 
560 new stars. She had become a respected professional astronomer and was even a 
guest of the royal family on three occasions. 

When William died, his sister decided to return to Hanover. This was in 1822. 
Caroline continued working, this time as an assistant to her nephew John Herschel, 
also a great astronomer and William' son and successor. After years of effort she drew 
up for him a catalogue of nebulae (some turned out to be galaxies) which included 
all of her and William discoveries. 

The standard story in these cases is that having completed her life’s work, Caroline 
breathed her last, but it didn’t happen like that; in fact, she lived much longer, until the 
age of 98, in excellent mental and physical health. In high society, it was even a sign 
of distinction to boast her as a friend. She was visited by the leading mathematician 
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and astronomer of her time, Carl Friedrich Gauss (1777-1855), the director of the 
Géttingen observatory. 

Caroline’s last years were her most humbling, as we now come to the honours 
and recognition she received. The Royal Irish Academy adopted her as a member. 
The Royal Astronomical Society awarded her a gold medal in recognition of her 
contributions. The king of Prussia awarded her another when she was 96. The 
following year, when she was visited by the hereditary prince, she was still in good 
humour and had enough energy to sing him, in her refined soprano voice, some 
of the musical pieces composed by her late brother William. Along with Mary 
Somerville, another female mathematical luminary, Caroline was named a member 
of the learned and exclusive Royal Astronomical Society, although only as honorary 
members. At the end of the day, Caroline was a woman — and that society's statutes 


did not allow women to be full members. 


The largest telescope built by the Herschels, called the ‘Great Forty-Foot', had a mirror 
measuring 1.2 m in diameter, slightly less than Caroline's full height. The scaffold frame 
was a dangerous place in the dark—Caroline had frequent accidents—and the entire 

structure once fell down under the weight of heavy snow. 
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The posthumous tribute paid by science is the only thing that matters to us. In 
the New General Catalogue there are objects with the numbers NGC 205, 225, 
253, 381,659, 891, 2349, 2360, 2548, 6633, 7380 and 7789; they were all discovered 
by Caroline Herschel. There is an asteroid, No. 281, called Lucretia, named in her 
memory, and a 13 km-wide lunar crater that bears the name of Caroline Herschel. 
And then theres the tribute we pay to her here, which may not be very significant 
but is certainly very sincere. 


ASTRONOMERS STRUGGLE WITH THEIR TIMES TABLES 


A piece of writing by Melissa Nysewander contains a piece of gossip that deserves to be 
heard. Some people have become professional astronomers without being able to multiply! 
Multiplying numbers, to get their product, is just a question of knowing your multiplication 
tables by heart. Learning them produced an unmistakable group murmur in primary schools; 
it was a tradition, 

Multiplying numbers entails the use of a basic algorithm and, to complement it, a small memory 
exercise. It may seem strange, even outlandish, that these people had mastered the mysteries 
of spherical geometry but at the same time could not get to grips with multiplication. Well, this 
is exactly what happened to Caroline: she could read star charts but, shock horror, she couldn't 
multiply two large numbers, because she didn't know her tables. She cracked them when she 
was older and had no trouble memorising them. When she needed them, she put her hand in 
her pocket and took out what we would candidly call a crib sheet with multiplication tables, 
looked up the result and got out of the tight spot. 

Imagine, a couple of centuries ago, professional astronomers might have received strokes of 
the cane from teachers angry they didn’t know their times tables! 


Mary Fairfax Somerville (1780-1872) 


At the same ceremony on the same day, two women were appointed honorary 
members of the Royal Astronomical Society. The strange thing is that two women 
should be involved. This was completely unprecedented in a world run by men. One 
of them had been an astronomer for many years, a hardened veteran of a thousand 
nights at the telescope called Caroline Herschel. She had one of the most illustrious 
surnames in British scientific history, which she shared with her brother William, 


the discoverer of Uranus, among other many things. 


59 


A CELESTIAL INTERMISSION 


The other was a Scotswoman, thirty years Caroline’s junior, who was less of an 
astronomer and more of a mathematician, and whose name was Mary Somerville, a 
surname that had yet to become so revered. We will discuss her next. 


The woman who understood Laplace 


The Fife childhood of Mary Somerville was quite unremarkable. She and her 
daughter Martha have both explained this to us in testimonies from their own 
hand. Her maiden name was Fairfax, and her father had occupied positions in the 
Royal Navy, rising to become a vice-admiral. 

It’s no good searching for astonishing displays of precociousness in the fields 
of language or profound incursions into science because they do not exist. Mary's 
intellectual gifts, astonishing for someone of her age, went completely unnoticed by 
her parents. She herself talks of her savage life and unpleasant existence at the only 
school she attended as a boarder. Her gifts were only clear to Reverend Thomas 
Somerville, her uncle and future father-in-law, the only man who recognised her 
growing talent and who thought it was worth fostering even though it belonged to 
a member of an "inferior species", as women of her era were regarded. We already 
know that it was thought healthy that they learned to read — writing was less 
important — knit, probably paint, play the piano and run a household, but the rest 
was considered either irrelevant or harmful. 

At the age of 13 her parents moved to Edinburgh. Mary answered the questions 
her private tutors set her brother correctly, although in an unseemly fashion 
(according to the established norms), so her presence in his classes as an “occasional 
student" was barely tolerated. During a painting lesson in Edinburgh, the teacher, 
a famous landscape artist called Naysmith, praised — speaking to his student, Mary's 
brother — the geometric virtues of an ancient scholar called Euclid. Mary asked her 
little brother's tutor to get her a copy of Euclid's Elements. She read it voraciously 
— alone, as Naysmith admitted he was no mathematician — and asked the tutor, 
an accomplice to whom posterity is very grateful, for more books in the same 
style, including texts by Leonhard Euler. Such was her passion for algebra that her 
parents, bless them, began to worry about her health. They were concerned that her 
mathematical interests might affect her fragile mental development. 

Mary was almost entirely self-educated, especially in mathematics, and at the 
age of 24 she married Samuel Reid, like Mary’s father a navy man, who died soon 
afterwards. As Martha, Mary's daughter would later explain, Mr Reid, whether or 
not he was good-looking, was very much a man of his time. He didn't show the 


60 


A CELESTIAL INTERMISSION 


slightest interest in his wife's scientific or literary interests, and firmly believed in the 
subordinate role of the female sex. When he died, Mary found herself young and 
widowed, fairly comfortably off and free to begin making her name. 


Mary Somerville. 


Mary took advantage of her period of freedom. The academic world opened up 
to her via the very unusual path of solving puzzles in women's magazines like The 
Ladies’ Diary. She solved so many and solved them so well that she made friends 
in this world. They opened the doors of the professional world to her and guided 
her through the field of rational and ordered reading. She read Astronomy Explained 
Upon Sir Isaac Newton's Principles by James Ferguson, the British bible of astronomy, 
and then such abstruse and advanced texts as Newton’s Philosophie naturalis principia 
mathematica and Laplace's Celestial Mechanics, and learned more about spherical 
trigonometry, a real mixed bag of algebra and geometry that only the introduction 
of pocket electronic calculators has put an end to. British mathematics had at that 
time become slightly staid after decades of isolation from continental ideas, so reading 
Laplace, for example, was very positive. 
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Mary married for a second time in 1812. Her husband, a close cousin called 
William Somerville, was a hospital inspector, and turned out to be the exact opposite 
of Mr Reid in terms of talent and thirst for knowledge. Not only did he support 
women’s education, but also soon realised, and didn't try to hide it, that his wife 
was much brighter than him. He remained her most effective assistant, even acting 
as her scribe when necessary. 

The couple eventually moved to London, when William was promoted — he 
was later made a member of the Royal Society. Mary read voraciously on subjects 
ranging from botany to geology, and met many scholars, especially once the couple 
began travelling in Europe together: Biot, Laplace, Poisson, Arago and many others 
featured in their social diary. William was promoted again and the Somervilles 
bought a house in Chelsea, then virtually the centre of the world. 


CELESTIAL MECHANICS 


Celestial Mechanics is the major contribution to humankind of Pierre Simon Laplace (1749-1827), 
and brings together in a single treatise all his work on astronomy. It was originally published in 
five volumes between 1799 and 1825. It became famous on its own merits, because nothing of 
comparable scale and ambition had been published since Newton's Principia. In a way, it was as if he 
had placed the Principia under the microscope and tackled them with the already highly developed 
and powerful methods of calculus available to him. Back in the realm of the anecdotal, Celestial 
Mechanics became famous among its desperate readers because of Laplace's pet phrase: "Il est 
aisé de voir..." ("It is easy to see..."), which he uses repeatedly. What invariably follows is not at 
all easy to understand, and pity he or she who tries to prove it. His translator, Nathaniel Bowditch 
(1773-1838), despaired when he stumbled across the terrible words “It is easy to see". It usually 
turns out to be true, but it is in no way easy to prove it. Celestial Mechanics, in slightly ungainly 
style, addresses a never-ending list of topics. Just to cite a few items from the index, it discusses 
the diversions of the planets from their ideal orbits, the movements of Jupiter's satellites, the non- 
sphericity of the globe, the libration and ‘rocking’ of the Moon, the tides, the evolution of the Solar 
System and many other subjects. 

An anecdote that has been told a thousand times but remains wonderful, links Celestial Mechanics 
to Napoleon, who was an excellent amateur mathematician and an old friend of Laplace. It seems 
that Napoleon studied the books and later told Laplace: "It's strange, but | couldn't find any mention 
of God in them." The marquis replied: "Sir, | didn't need that hypothesis." 
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Mary Somerville was by then a famous person, In England she knew Babbage 
and the Herschels, and she encouraged a certain Lady Lovelace, the daughter of 
Lord Byron, to study mathematics; we will come to her later. The honours kept on 
coming, and she was appointed a member — in many cases an honorary member, as 
the bearded academics could not forget that Mary was a woman — of a whole series 
of societies. The government rewarded her with a pension for her knowledge, set 
by Lord Melbourne at £300 when he was prime minister. 

The couple went to live in Florence to maintain William's fragile health. Mary 
lived there for many years, and in Italy wrote Physical Geography, which would go 


on to be her biggest publishing success. Like the geophysical bestsellers of Élisée 
Reclus (1830-1905) they would still be read by the general public decades later. 


Ae dem d nte adn gem hy qot (9) d) 
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Left: A double page from an English version of Celestial Mechanics. It was 
translated, with no commentaries or simplifications, by the American 
mathematician Nathaniel Bowditch. It was a Herculean task, and this page 
from the original edition shows just how complicated it was. In 1831 Mary 
Somerville published a more accessible version, which was rigorous but 
comprehensible, entitled Mechanism of the Heavens. 

Right: A page from this translation. 
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A short time before her death, at the age of 91, Mary was a widow but still 
full of energy. She was still able to devote four or five hours a day to mathematics, 
according to her own memoirs. Many people today would love to have such an 
agile mind. She died soon afterwards, in her sleep. Naturally, Mary Somerville has a 
lunar crater (on the visible side) named after her, a posthumous tribute paid by her 


colleagues, the astronomers. 


Accessible to all 


Mary Somerville could be called the first popular science writer in history. In 


other words, she first studied, understood and mastered her subjects, and once she 


THE MISUNDERSTOOD MARQUIS 


The story goes that Mary met the 
famous Marquis de Laplace in person 
in France; he was one of the most 
dazzling stars of mathematics in 
history and the author of the colossal 
Celestial Mechanics. On one occasion, 
in a conversation with Mary Somerville 
in Paris, Laplace told her with dismay 
how little attention was paid to him 
in Britain, complaining that the British 
could not understand his — incredibly 
difficult — book. It had been read and 
understood by very few people. Despite 
their repeated efforts, only three British 


women, that he could recall, had been 
able to understand it: "Only you, Pierre Simon Laplace. 

Caroline Herschel and Miss Reid have 

understood the truth about Celestial Mechanics, he complained. Laplace did not know the 
face of the clever Miss Reid (he only knew her from the letters they exchanged); she was none 
other than Mary Somerville herself, as Reid was her first husband's surname. So only two British 
women actually understood Laplace... In some tellings, the anecdote even excludes Caroline 


Herschel from the story; you can choose your favourite version. 
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had assimilated them she wrote about them in a way that people of lesser intellects 
could understand. Her obituary in The Times stresses this aspect of her personality. 
It says, for example, that her first strictly experimental attempt to link ultraviolet 
rays with magnetism turned out to be in vain; instead it places the emphasis on 
her books. Naturally, it first discusses the adventure with Celestial Mechanics; Lord 
Henry Brougham (the then Lord Chancellor), a former student of mathematics and 
philanthropist, suggested that she translate this monumental work of mathematics 
and astronomy so that it could be published by the Royal Society for the Diffusion 
of Useful Knowledge, which the honourable lord chaired. However, the workload, 
which she accepted after much deliberation, was patently excessive, given the aim 
of the project and the colossal size of the book. Mary tried to make accessible to 
all something that, as it had been designed to be in the original French, was only 
comprehensible to the very few. When Mary reported that she had finished her 
task, she had produced a tome so mighty that the estimable Society was unable to 
publish it. Having read it, Sir John Herschel suggested that they go down the route 
of conventional publication — it was published by John Murray in 1831 — and to 
everyone' surprise it was a success. It was published as Mechanism of the Heavens. 

In 1834 Mary published The Connection of the Physical Sciences, a kind of overview 
of the natural world that was widely praised for the knowledge it contained on 
almost every topic. It offered a real world view worthy of the universal knowledge of 
Humboldt, the man who knew everything about the world and the author of Kosmos. 
It is notable that in an 1842 edition, its pages highlighted supposed disturbances 
in the orbit of Uranus which encouraged John Couch Adams (1819-1892) to take 
an interest in the matter... and to jointly discover Neptune. The Connection of the 
Physical Sciences features discussions of everything from polarised light to the three- 
body problem. 

Later came publication of Physical Geography, a history of the Earth in the light 
of the latest scientific discoveries. Both publications earned Mary renown and fame, 
and she was rewarded in 1869 with the Victoria Medal from the Royal Geographical 
Society. In the same year her last work, Molecular and Microscopic Science, was published, 
a work that reviewed everything that was then known, from the basic to the advanced, 
about the science of the microscopic. 

"In the field of pure mathematics, Mrs Mary Somerville is strong", opined 
Alexander Humboldt. She really was. She was also a feminist, and grew increasingly 
so as she grew older. 
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The impressive entrance hall of the Royal Academy in Somerset House is 
adorned by a bust of Mary sculpted by Sir Francis Chantrey. One anecdote explains 
how the sculptor bowed to the pleas of a female friend, who wanted to meet Mrs 
Somerville, evidently a famous astronomer and what we might call a ‘brainbox’. A 
few days later Chantrey invited Mary to an informal dinner and took satisfaction 
in the fact that the two women got on very well. Only he didn't tell his friend that 
this kind, friendly lover of opera and other frivolities was Mrs Somerville. His friend 
was astonished when he told her; she had never even suspected that this charmingly 
‘normal’ woman was the learned Mary Somerville. 
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The 19th Century 


We may say most aptly that the Analytical 
Engine weaves algebraical patterns just as the 
Jacquard-loom weaves flowers and leaves. 
Ada Lovelace 


Florence Nightingale believed — and in all the actions of her 
life acted upon that belief — that the administrator could only 
be successful if he were guided by statistical knowledge. 

Karl Pearson, statistician and thinker 


T'is a woman that has made me eat my own words. May she 
never take her hat off, as without it she’s very dangerous. 
Robert Bunsen, physicist and chemist, 

referring to Sofia Kovalevskaya 


Many women pursued the path of equal rights in the 19th century, a century that 
began with the female gender subjugated and listless and ended with the promise of a 
20th century of hope and awakening. These exemplary women still faced a long hard 
road, and society placed many obstacles in their way, but they overcame them one by 
one. The three women whose mathematical lives we will record in this chapter lived 
in the 19th century and left an indelible mark on it. They led very energetic lives, 
even when faced with danger. They confronted a conventional world and spiced it 
up with unconventional thinking, seasoning it with plenty of intelligence. We will 
meet them in chronological order of birth. 


Augusta Ada King, Countess of Lovelace (1815-1852) 


Augusta Ada's maiden name was Byron. Her father was Lord Byron, the poet, 
aristocrat, adventurer and writer, paradigm of the romantic hero, and author, whose 
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works included Childe Harold's Pilgrimage. However, he was not a mathematician, 
quite the reverse in fact. Ada was his only legitimate daughter, by Ana Isabel Milbanke, 
Baroness of Wentworth, although she never met her father in person. One month 
after her birth, Ada was taken from her cot by her mother, who ran away with her. 
It was the year after the Battle of Waterloo. It would be interesting to know the real 
reason she had for acting so impulsively, because Byron accepted the separation and 
then the divorce without putting up any opposition, in an era when judges would 
universally grant fathers and not mothers custody of children when parents separated. 
It is said that Lord Byron, who was very liberal when it came to matters of sex, was 
carrying on an incestuous relationship with his half-sister. 


Lord Byron, in traditional Albanian dress, painted by Thomas Phillips 
in 1813, two years before the birth of his daughter Ada. 
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Ada Lovelace aged 21. The portrait was painted by Margaret Carpenter. 
An aristocratic existence 


What we do know is that Ada grew up under the protective wing of her mother, 
and that Lord Byron left England. He died nine years later fighting for Greek 
independence. The constant presence of her mother and the absence of her father 
engendered in Ada a persistently negative opinion of anything that reminded her 
of the figure of her father. Yet Lord Byron wrote to the girl's grandmother regularly 


and followed her progress. 
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His mother was curious about mathematics; at least that is how she appears in 
the colourful memoirs of George Ticknor, who describes her as charming. Byron 
himself called her, fondly, “princess of the parallelograms". Ada's mother, as well 
as being a controlling busybody, did not want her daughter to exhibit the poetic, 
romantic character traits of her father, so she thought it was an excellent idea to 
keep her away from poetry by giving her a solid grounding in mathematics. From 
early childhood, Ada was subjected to excessively firm, iron discipline. As a child 
she suffered from various ailments, including a vicious bout of measles that left her 
temporarily paralysed. As an adult, her health was still inconsistent. 

To begin with, she preferred geography, but little by little her preferences 
changed, After attending classes with various tutors, she was eventually taught 
mathematics, for which she demonstrated a great aptitude. Her last teacher, the 
great Augustus de Morgan (1806-1871), a magnificent writer and the first professor 
of mathematics at the University of London, spoke very highly of her talents. In 
1834 she met Mary Somerville, who enthusiastically served as scientific mentor. 
A short time afterwards, in 1833, she also met Charles Babbage, when she was still 
only 17. He showed her and her mother the engine on which he was then working, 
explaining how it worked and the principles on which it was based. Ada was very 
impressed. Babbage’s first device became a ‘friend’ of the family. Ada was by then 
referring to herself as an “analyst and metaphysicist". The word ‘scientist’ would 
not enter the dictionary until 1836, when it was added by William Whewell. It 
is possible that Babbage and Ada were lovers, but the evidence is not conclusive. 


Babbage's influence 


The man whose ideas were to have a decisive influence on the work of Ada Lovelace 
was the mathematician Charles Babbage (1791-1871), who began to show signs of 
his distinctive temperament when still a young man. He embarked on a crusade 
against the Newtonian notation for calculus and translated a French work using 
Leibniz's continental — and objectively better — notation. During the Napoleonic 
era this was a completely iconoclastic act in Britain. 

He soon became a member of the Royal Society and Lucasian Professor of 
Mathematics at Cambridge, the same chair that Newton had occupied. He was a 
slightly extravagant though distinguished Member of Parliament, and was suspected 
of lacking a certain composure; he exhibited an obsessive hatred of street organ 
grinders. On one famous occasion he dared to write to the well-known poet 
Lord Tennyson to correct his verses, which in Babbage’s opinion were statistically 
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fallacious. We'll skip over the details of the story of Ada’ life. She was presented to the 
court and met and married William King. The couple had three children and William 
was elevated to Earl of Lovelace, thereby making his wife the Countess of Lovelace. 

In 1841, Babbage, who had travelled to Turin to find funding for his so-called 
‘Analytical Engine’, thought it was the right time to translate a report on it. In Italy, 
a mathematician and officer in the Italian engineers corps named Luigi Menabrea 
— who was later the prime minister of Italy — compiled notes in French on the 
analytical engine (Sketch of the Analytical Engine Invented by Charles Babbage, Esq.) 
which Babbage found interesting. Ada spent nearly one year translating them 
into English, and wrote accompanying notes. They are even more detailed than 
Menabrea’s excellent notes. A section of them shows how to use the machine to 
compute something as complex as Bernoulli numbers. The visionary aspect of the 
calculation lies in the fact that a sequence of instructions or algorithms is fed into it, 
so that the machine can understand them. In modern terms, it is a computer program. 
Ada’s notes, which are three times longer than Menabrea’s notes, were published with 
just her initials A. A. L. and not her full name (Ada Augusta Lovelace), as we can 
be sure that many chauvinistic scientists would not have taken them seriously had 
they known they were written by a woman. What's more, the use of the husband's 
surname was not usually permitted for the publication of any book. 

In actual fact, Ada went further than simple calculation. When suitably 
instructed, the machine could, for example, compose music. Or, better still, in 
the words of Ada herself: “the analytical engine weaves algebraical patterns just as 
the Jacquard-loom weaves flowers and leaves". 

Jacquard's loom, using openings or perforations distributed cleverly on flat plates 
(cards), directed strands of thread along pre-determined trajectories according to the 
instructions given by holes punched in the inserted cards, so that the fabrics were 
woven in coloured patterns; calculation instructions could be stored in the same 
way. A set of punched cards would be programmed with the basic operations, while 
another set would decide when and the order in which the operations were applied 
to specific calculating functions. Ada even managed to devise clever procedures to 
turn the used cards over and reuse them for simpler, more repetitive operations 
(today this procedure would be related to the ‘loops’ in a program), thereby creating 
the concept of a sub-routine. 

Ada took a major intellectual step: such a machine could manipulate symbols 
instead of simple concrete numbers. We are no longer talking about simple calculation, 
but rather computation in the modern sense of the word. 
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Nonetheless, Ada never advocated the belief that the Analytical Engine was 
miraculously capable of creating anything. What it might have been capable of 
could not have been predicted, but its capacity was limited by that of its creators. 
"Nothing can come from nothing," goes the refrain, and this is no more than a 
popular transposition of the second law of thermodynamics. There is no place for 
either I, Robot or Terminator in this Universe. 


The Jacquard Loom, which operates on the basis of punched cards. 


Perhaps the moment has come to impose certain caveats on the unrealistic 
picture of a romantic countess with a passion for mathematics. In her personal 
life, she was a fairly typical Victorian countess, a lover of shows and dance; she was 


also somewhat indifferent when it came to filial and, occasionally, conjugal love, a 


72 


THE 19TH CENTURY 


BERNOULLI NUMBERS 


This is not the right place for a fully merited in-depth discussion of Bernoulli numbers, so-called 
because they were first discovered by Jacob Bernoulli (1654-1705) when studying the sums of 
the powers of degree n of the first m numbers: 


m-i 
k 20741 2^4... (m-*. 
k0 


The sum is, in abbreviated form: 


m n 
Sita: tlg me 
r= n+ k 


And the B,, always rational numbers, are the Bernoulli numbers. Specifically, here are the first 


ten: 
fa [+ [oa] we] o [sao] 0 [wa] 0 [=o] 0 [axe 


They can be calculated recursively, for instance using the formula: 


A procedure like this can give rise to a finite sequence of steps or algorithms, and that is 
precisely what Ada Lovelace did. She created an ordered series of steps that allowed her to 
calculate any Bernoulli number using Babbage's machine, although she wasn't too concerned 
about the efficiency of the procedure, but rather about its feasibility. 

There are, logically, an infinite number of Bernoulli numbers; there are no odd Bernoulli numbers 
for n > 2, and their values are erratic and, for now, unpredictable. They are closely related to the 
Riemann zeta function and great importance is attached to them in number theory. 

There are some fantastic web sites dedicated to them, and thanks to these sites we know 
almost inconceivable things, such as that the irreducible form of the fraction B, soo has a 
394,815,332,706,046,542,049,668,428,841,497,001,870-digit numerator. For the time being 
this knowledge serves no purpose, but you never know where it will all end. 
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LANGUAGES, PROGRAMS AND ROUTINES 


The first thing a computer needs to start performing the calculations it is tasked with is to 
understand the user. it achieves this using a language, something that Ada certainly did not 
invent. Next, the instructions need to be schematised and ordered, so that the computer's 
read components can follow them, one after the other. Rather than certain variables, initial 
calculation conditions are input and, from this point, the machine will function independently. 
If different values are input at the outset, a different result will generally be generated; while 
the calculation might be different, the instructions will not have changed. A single set of 
instructions is used for many calculations. These instructions, in their very basic form, are called 
a ‘program’. This is what Ada nearly invented — others claim that Babbage had already noticed 
this point years before — and applied it to the effective calculation of Bernoulli numbers. 
Within the program there may be fragments that perform repetitive operations, which are 
implemented many times: these are the program routines, which can be stored in a register in 
the memory and used whenever needed. 

If a hypothetical computer was used exclusively for multiplying, the full multiplication algorithm 
would be the program, and the three times table, for example, would be a routine. 
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Unfinished section of Babbage's analytical machine. 
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collector of jewels who liked to be surrounded by dogs. She very likely suffered 
from some form of bipolar disorder, as she alternated between episodes of maniacal 
hyperactivity and depression. 

Her friends and correspondents included Charles Dickens, Charles Wheatstone 
(the inventor of the telegraph), David Brewster (inventor of the kaleidoscope) and 
Michael Faraday. As she grew older she became better acquainted with the art of 
flirting, and certainly took the occasional lover. Her husband destroyed more than a 
hundred letters he thought inappropriate. She also discovered the power of alcohol 
and drugs, and, in her characteristic analytical style, considered writing an article 
on their effects on her. Along with Babbage, she discovered the joys of betting on 
horses, to the extent that she fell in with, somewhat without realising it, unscrupulous 
professional gamblers — like one John Crosse — and got herself into debts with shady 
creditors, She could rightly be called “the enchantress of numbers", as Babbage did, 
but it should also be known that at her death she still owed £2,000 in gambling debts. 


The end of a long story 


Aged 36, Lovelace was diagnosed with uterine cancer. Ada coped with the painful 
trauma using laudanum, alcoholic cocktails and even spiritualism until, at her lowest 
ebb, her authoritarian and controlling mother intervened and things took a turn for 
the worse. She deprived Ada of her painkillers, piously arguing that the suffering 
would exempt her from God's punishment for all the sins of infidelity and compulsive 
gambling she had committed in the past. Needless to say, Ada died in the bloom of 
youth and certainly experienced purgatory in her final days. She was buried close 
to her father’s grave. Her relationship with Babbage had been cooling, as had her 
relationship with her mother, because she had discovered evidence that her father, 
Lord Byron, had not been as wicked as she had been led to believe. After Ada’s 
death, her mother asked Babbage for all of the countess’s papers with a view to 
destroying them, but Babbage refused to accede to her wishes. One year after the 
fatal denouement, Queen Victoria inaugurated the Great Exhibition; the Victorian 
era was entering its most glorious period. 

The figure of Ada has been mythologised fairly recently, coinciding with the rise 
of computers and feminism. Films have been made about her, and there are many, 
many books devoted to her. An Ada Lovelace Day is also held annually to show 
solidarity with women’s technological and scientific achievements. 

In the 1980s a worthy tribute to Ada’s memory was paid. The computing language 
officially known as MIL-STD-1815 by the United States Department of Defense 
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CHARLES BABBAGE AND HIS MATHEMATICAL ENGINES 


In 1822, Babbage had already designed the fundamentals of a mechanical machine that, given the 
resources available at the time, could only rely on the motive power of steam, and was capable of 
automatically calculating astronomical charts using the numerical method of differentials, which 
can be applied to all polynomials. The machine would only do sums - if we reduce it to its limits 
- but very quickly, and automatically print the results, taking the data from one to compute, also 
automatically, the next result. Anybody who has ever come across tables of logarithms with 15 or 
more decimals will have an idea of the progress that this represented. The British government sub- 
sidised the project to build a Difference Engine like this until, after realising that they had invested 
some £23,000, in 1834 they stopped the flow of funds. By then, Babbage had already abandoned 
the difference engine in favour of a better and more advanced idea: the Analytical Engine. 
Babbage designed an automatic calculator, mechanical of course, an intellectual precursor to mod- 
ern computers in terms of structure: It had one unit to calculate — the so-called "mill" — another 
one to control what is calculated and make decisions at each moment, another to store numbers, 
an input and an output. Control would be exerted using a system of punched cards, a procedure 
already used in the automated production of woven patterns on looms, a process invented in 
the early 19th century by the French engineer Jacquard. As for storage, they could store 1,000 
50-digit numbers for reuse, also using punched cards as a medium. 

Conceptually there are few differences between Babbage's Analytical Engine and modern com- 
puters; the difference lies merely in technical aspects, as the Briton's imagination and brain were 
well ahead of the possibilities contemporary technology offered. Babbage did not get involved 
in constructing his second, visionary design. The functionality of Babbage's invention was very 


minimal in modern terms, as it had little memory. It was completed, in experimental form, in the 
1990s, and functioned without posing any scientific problems. 


was named ADA. Note that 1815 was the year of Ada Lovelace’s birth. In 1984 ADA 
became immortal — it was made a registered trademark. 


Florence Nightingale (1820-1910) 


In the popular imagination, people like Albert Schweitzer and Alexander Fleming 
personify good — they are good by definition. Leaving aside Mother Teresa of 
Calcutta, you have to look a bit harder for their female equivalents. 
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Was Babbage as important as claimed? Absolutely, although opinions on his importance to popular 
culture differ. In the ranking in the book 7,000 years, 1,000 people, for example, Ada is 960th 
John von Neumann, perhaps the man ultimately responsible for computing, came in one place 
higher, in 959th. And Babbage? 351st. 


In English-speaking countries, there is one female figure who is also a byworc 
for goodness, in fact, someone who is regarded as the quintessential personification 
of good. That woman is Florence Nightingale, who some encyclopaedias define as 
a nurse and statistician, a strange mix of professions. 

In London, directly above the Mall, just a stone’s throw from the Houses of 
Parliament and Buckingham Palace, in the heart of one of the most genteel districts 
of London, there is a statue of Florence Nightingale with her unmistakable Victorian 


dress and slightly austere appearance. Nobody would claim this somewhat severe 
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woman as a gay icon — in fact, there has never been any evidence that she had any 
sexual desires — but she was a social reformer and fierce proponent of women’s rights 
to education... and a very good mathematician. 


me (ive 


Statue of Florence Nightingale in Waterloo Place, London. 
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From the cradle to the Crimea 


Had Florence been born to a more modest family, she would have had virtually 
no access to any education. Fate was on her side, though: she was the second 
daughter of a well-off couple. Her father graduated from Cambridge University 
and soon inherited an estate from his wife's uncle; he assumed the name and arms 
of Nightingale in 1815. He changed his name — from Shore to Nightingale — and 
became a rich man when his wife's uncle died and he inherited his property in 
Derbyshire, ensuring that the lineage was maintained. What did not change was 
his respect for education, which he endeavoured to pass on to his children. Yet, 
when after reading Euclid his second daughter asked to be allowed to learn more 
mathematics, he was taken aback and struggled with his conscience. What good could 
mathematics be to a young lady? His wife agreed: What use would mathematics be 
to a married woman?” she complained plaintively. The resulting argument between 
the three was won by Florence: she would study more mathematics. She took a 
particular interest in the statistical interpretation of data as championed by Adolphe 
Quetelet (1796-1874), with whom she corresponded. At the age of 17, Florence 
received — or so she believed — a message from God, which may have been the logical 
consequence of her environment and selfless character. In any case, she decided to 
devote her life to serving God and others and, therefore, never to marry. She didn't 
want for opportunities, as she was a rich, intelligent and good-looking woman, and 
she had various suitors. 

During a stay in Germany she came into contact with the Lutheran community 
led by Theodor Fiedler, who had a huge influence on her subsequent decisions. 
Florence became determined, as early as 1844, to concentrate her efforts on a single 
endeavour: improving living conditions — or rather dying conditions — in hospitals, 
which in her time were overflowing with corpses. She was a tireless worker and her 
decision entailed a similarly tireless dedication. 

A short anecdote will help readers to fully understand the implications of this. In 
1853 a military conflict broke out between Russia on one side, and Turkey, France 
and Britain on the other. This was the Crimean War, and it was fought over the 
territory of the declining Ottoman Empire. It is remembered by military — and 
cinema — enthusiasts for the ‘heroic’ yet disastrous Charge of the Light Brigade by 
the British at Balaclava, where a British mounted division was ordered (incorrectly) 
to attack an enemy gun position, which they duly did even though it was futile and 
near suicidal — and proved fatal for most of the horsemen involved. The war came to 
an end in 1856, with the defeat — not recognised, but real enough — of the Russians. 
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The lady with the lamp 
In 1854, Florence asked Sidney Herbert, who became Secretary of State for War 


and with whom she was firm friends, to be sent to the war zone to help run the 
hospitals, where the number of casualties was alarming, even for the period. In fact, 
the number of casualties in the hospitals was higher than in the campaign.The crude 
reality was that if a soldier was seriously injured, it was almost better that he was 
finished off on the spot. Naturally, there were no fully reliable figures available; the 
data was vague and unquantifiable. 

Florence left for the region at the head of a brigade of 38 nurses commissioned 
by Her Majesty's Government to help. And she did indeed help, by using common 
sense and simple compassion more than science. From the outset she was clear that 
her work would in no way hinder the work of the medical staff and that she would 
bow to their methods and knowledge. Neither did she introduce hygienic regimes 
to combat germ-borne contagion. (Pasteur's studies on germs and Semmelweis's 
measures to prevent cross-infection were still to come and little was known about 
the matter.) But what Florence did practise was humane treatment, individual care 
and cleaning, stamping out the unprofessional beliefs of unqualified nurses and 
general hospital slovenliness. Before her, it was common for injured soldiers to wait 
in line behind patients who were in an even worse state, and for many patients to 
lack even a suitable bed. 

The army field hospital was in Scutari on the outskirts of Istanbul. It was a huge, 
dirty group of barrack huts, with no distinction between operating theatres and 
wards. There were no kitchens or laundries. All medicines and medical supplies were 
subject to slow-moving military bureaucracy, which first examined them carefully 
and then sent them on, always late, to their destination. Naturally, there were no 
nurses, and doctors were few and far between. In such atrocious conditions, it should 
come as no surprise that cholera, typhoid and dysentery spread quickly, and that the 
patients, for example, lay unwashed in beds without sheets, trussed up in their dirty 
military uniforms, which were stiff with blood. 

The Scutari hospital gave birth to the legend of 'the lady with the lamp'. 
Imagine what it must have been like for a half-insomniac casualty of war to see a 
woman, armed with just a lamp, spending the night doing her rounds to check that 
everything was well and to give advice and human warmth to whoever needed it. 
The bearer of the lamp had no penicillin, but she had warmth and an interest in 
everyone in abundance. Florence returned from Turkey with brucellosis — the so- 
called Maltese Fever — and clear ideas on how to combat all this slovenliness, backed 
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up by incontestable statistics. The military authorities, put out that someone had 
dared to stick her nose into their business, came to call Nightingale ‘the lady with 
the hammer’, but Florence kept up her campaign for reform. 

As a result of Florence’ reforms, mortality fell. There are no agreed figures on 
the magnitude of the decrease, but it was real enough. Some sources, probably 
exaggerated, put the fall at 4096. Florence came back to Britain and managed to get 
a vote passed for the formation of a royal commission on the reform of the army 
hospital system. Two major sources of assistance combined to prompt this reform. 
Firstly, she had powerful sources of political support — Queen Victoria, her husband 
Prince Albert and prime minister Lord Palmerston took an interest in the subject. 
The royal interest is less strange than it might appear, as the Victoria herself, contrary 
to the prudish image of her presented during her reign, was one of the first women 
to be administered anaesthetic during childbirth. At a stroke this undermined the 
religious convention that it was good to suffer pain during childbirth. 


Lithograph from 1856 showing a ward in Scutari hospital, 
where Florence Nightingale worked as a nurse. 


The second weapon that Florence had in reserve was statistics. She examined her 
data with care and undeniable preciseness and had the insight to make the otherwise 


dry statistics comprehensible by using clear and basic drawings, polar diagrams 
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or graphics, a variety of modern histograms which we would now irreverently 
call ‘pie charts’. She used these graphics to prove her reformist case even to the 
most recalcitrant minds. The excellent use that Florence made of data, compiling, 
tabulating, presenting and interpreting them with intelligence and sound judgement 
has passed into proverb. With time she even designed data-collection grids which 
hospital institutions had to fill in to convert them into relevant statistics and take 
practical decisions. 

In 1858 she was named a member of the Royal Statistical Society — the first 
woman to be a member — and in 1874, the American Statistical Association. 

It would take a very long time, and lack mathematical sense here, to discuss the 
tasks that Florence focused on. What we will say is that she emphasised the crea- 
tion of a modern form of nursing, with knowledge that would complement doc- 
tors’ work, the reform of institutions dedicated to the poor, the statistical analysis of 
birth and death rates and, in the long run, measures to combat recurring famines in 
India. 

In 1883, Queen Victoria awarded her the Royal Red Cross. In 1901, she went 
blind. And in 1907, King Edward VII appointed her to the Order of Merit, a special 
award, both because of its importance and because she was the first woman to re- 
ceive it. Such distinguished British Commonwealth women as Margaret Thatcher, 
Joan Sutherland, Mother Teresa and a very few others have subsequently received 
it. 

When she died, in 1910, Nightingale was already regarded as transcending good 
and bad. Her obituary in The Times, for example, is huge, taking up over half a page. 
Six army sergeants carried her coffin on their shoulders. She is not buried in West- 
minster Abbey because she had rejected the idea when she was alive. To date, four 
films and numerous television series have been made about her colourful life. Lyt- 
ton Strachey dedicated a section of his Eminent Victorians, a definitive literary trib- 
ute, to her.A number of other books and poems have also been published, including 
one by Longfellow which portrays the lady with the lamp and contains the follow- 
ing verse, once well-known among British people: 


Lo! in that house of misery 

A lady with a lamp I see 

Pass through the glimmering gloom, 
And flit from room to room. 
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STATISTICAL GRAPHS 


Technically we would now refer to them as histograms, but in Florence Nightingale's time they 
lacked a specific name. Nightingale used circular graphs — then called coxcombs or polar area 
diagrams — which are visually striking and convince without the need for much explanation. She 
didn't invent them; the first person to use them was John Playfair (1748-1819). She also used 
other types of histograms, including bar charts, when she deemed it necessary. It is worth noting 
the importance of Florence's astute behaviour. By showing simple, almost self-explanatory 
diagrams, that anybody could understand, she managed to convince people of every stripe, 
even the most reluctant. In Paul Lewi's felicitous expression, she led a reformist lobby, but when 
all is said and done it was still a lobby. Her mastery of statistics was, nonetheless, limited, as 
in her time, variance and covariance analysis, for instance, were yet to be discovered, so the 
causes and effects of each variable in the general landscape could not be analysed individually. 
Florence Nightingale is regarded as one of the pioneers of medical statistics. We have her to 
thank for the expression ‘applied statistics’, and she had a considerable influence on figures 
like Francis Galton and Karl Pearson. 
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Diagrams by Florence Nightingale taken from A Contribution to the Sanitary History 
of the British Army during the Late War with Russia, explaining death rates in the 
Crimean War. The circular segments represent months: The lightest areas show deaths 
from infectious diseases; the mid-grey areas show deaths from injuries; and the 
darkest areas show deaths from all other causes. 
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Sofia Kovalevskaya (1850-1891) 


It is unusual for a mathematician to be both a politician and a writer, as Sofia 
Kovalevskaya was, although there are precedents. In recent times, Theodore Kaczynski 
(b. 1942), sadly better known as the Unabomber, was a mathematician and terrorist, 
and André Bloch (1893-1948) had the distinction of being both a mathematician and 
convict (who murdered his brother). We could cite other examples, but the majority 
are in the same vein, so it would be best not to dwell on the matter. However, we 


will dwell on Sofia Kovalevskaya, as it is worth our while. 


Sofia Kovalevskaya. 


From the vast expanses of Russia to Europe 


In many parts of central Europe people still remember the story of the King of 
Hungary, Matthias Corvinus (1443-1490), also called ‘Matthias the Just’. Apparently, 
or so the legend goes, the king had the habit of dressing up as a peasant, mixing 
unnoticed with his people and sounding out his opinions in person. One of his 
descendants, Sofia — Sonia, as she was called — would go on to become very famous. 
Sofia Corvino Krukowskaya was born in 1850, the daughter of a tsarist general 
who; when he retired, chose to live close to the Lithuanian border, in a secluded 
spot called Polibino.The general and his wife — a member of the Schubert family of 
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famous astronomers — had little to do with their daughters, as they had to frequent 
the distant Russian court. Sofia owed her entire education to her governess. Her 
grandfather, who felt great admiration and respect for mathematics, was the first 
person to arouse her interest in learning about it. 

In such an isolated spot supplies of wallpaper often dried up — and every room 
in the houses of the wealthy was papered. Luckily, the children's bedroom could 
be papered with anything, even secondhand paper pending something better. And 
there was plenty of paper, including some of the general's old notes from a course 
of differential and integral calculus by Ostrogradski (1801-1861), an excellent 
mathematician who had also been inspector of education in the military schools. 
The formulae in the course described curves that were incomprehensible — they were 
integrals and partial derivatives — but beautiful nonetheless. Sofia followed them with 
her index finger, not understanding anything but fascinated anyway. Ostrogradski 
had been a great figure, but his formulae were compelling mysteries, especially if 
you studied them every day on the walls of your bedroom. 

Sofia was a very bright student. A regular visitor, physicist Professor Tyrtov, 
brought her a physics book as a reward. He'd just written it, and it turned out that 
the optics section was full of trigonometric formulae. To the visitor's astonishment, 
Sofia deciphered it and unravelled the secrets of trigonometry, which were not even 
in the book. Sofia had explained, all by herself and of her own volition, elementary 
trigonometry. Tyrtov, a little taken aback, talked to Sofia’s father, a man with a very 
old-fashioned appearance who found it hard to believe, with typically Russian 
suspicion, that a woman could study anything, still less mathematics. However, faced 
with everyone else's insistence, he gave in. He eventually let his daughter study in 
St Petersburg, although that didn't mean he stopped insisting she become a decent 
young woman, or at least his definition of what a young woman should be like. 

Sofia was amazed, and began to understand Ostrogradski's symbols, which had 
decorated her childhood bedroom. She left for the earthly paradise of academia in 
search of more knowledge.As well as being an excellent mathematician, she also wrote 
very well. One day she ran out of things to learn; she wanted to travel, be educated 
and pursue her training but her family prevented her from leaving St Petersburg. 

Into the story stepped Fyodor Dostoyevsky, the famous writer whose circle 
already included Sofia5 sister, Aniuta. In Russia at that time the intelligentsia were a 
very active social class. Nihilism, among other then progressive ideas, was in fashion, 
and Dostoyevsky was one of its champions. Free spirits had discovered a ruse for 


gaining their freedom — marriages of convenience. Take the example of a couple, 
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who were progressive but also very tolerant. If they married but promised each other 
a chaste marriage, the female partner would automatically acquire all the rights of 
a married woman. Specifically, if her husband allowed it, his spouse could not be 
deprived of her passport and therefore had the right to travel abroad, and more so if 
her husband accompanied his spouse on her travels. Those whom God had joined, 
no man could separate, still less an indignant father. 

Sofia found her other half — by means of a raffle, it is claimed — in the form ofa 
young man called Vladimir Kovalevsky (Kovalevskaya is the Russian feminine form 
of Kovalevsky), who was a promising student of geology, known to an Englishman 
called Darwin. Kovalevsky was prepared to travel, study and share his life with Sofia. 
Life, but not the marital bed, from which he was excluded. This was no joke, as Sofia, 
as the photos prove, was a very attractive woman. 


A progressive Russian 


The Kovalevskys left for Heidelberg, but after a couple of years Sofia was convinced 
that her mathematics needed a more prominent stage. She already knew everything, 
and what she still had to learn could only be found in Berlin, by drinking in the 
wisdom at source. In differential equations and calculus, Berlin's Karl Weierstrass 
was unrivalled. So she went to Berlin and came up against the first anti-female 
disappointment of her scientific development. Access to classes, not to say academic 
qualifications, was barred to women, who were seen as inferior beings in accordance 
with prevailing academic opinion. 

In the mathematical world of Berlin the dominant figure was the athletic, but 
then somewhat veteran, Karl Weierstrass, a great, virtually self-taught mathematician 
with a passion for rigour. As Sofia could not publicly attend his lectures, she asked 
him to give her classes in private, which Weierstrass slightly reluctantly agreed to do. 
Undoubtedly to wrong-foot his beautiful but bothersome Russian pest, Weierstrass 
set her some very complicated preparatory exercises that would have tried the 
patience ofa saint. She sent him back the exercises, not just solved, but accompanied 
by fresh and incisive workings. Weierstrass instantly changed his opinion, Was this 
woman much more intelligent than he'd thought? He decided to give her classes, a 
decision he never regretted. After years of preparation, Sofia dedicated her doctoral 
thesis to — what else — differential equations. To prove it was no one-off, her thesis 
was followed by a pair of important works, including one on the rings of Saturn. 
Kovalevskaya’s paper, written on her own initiative without prompting by Weierstrass, 
has a forbidding title, Zusätze und Bemerkungen zu Laplace’s Untersuchungen über die 
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KARL WEIERSTRASS (1815-1897) 


Weierstrass is regarded as the father 
of modern analysis, particularly as a 
result of rigour and his € and à. His 
definitions of a limit and continuity 
are somewhat dull, but they became 
legendary when they made their way 
into education. All of this is true but it 
is not the whole truth. The truth is that 
he was an exceptional mathematician 
whichever way you look at it. He al- 
ways displayed extraordinary talent in 
mathematics, but his desires were nev- 
er satisfied. His father was adamant 


that he should study law, economics 


and finance. Torn between his desire 
and his duty, Weierstrass dedicated 
himself to fencing and drinking, excelling in both. He ended up as a lowly high school teacher 
of not just mathematics but also calligraphy. Luckily, he never fully abandoned his mathematical 
studies — he took an interest in elliptic functions — and he was given the opportunity to publish 
an article on Abelian functions in the Journal de Crelle, which propelled him to academic fame 
Weierstrass became a professor at the University of Berlin, where he established an enduring 
prestige. In Berlin in 1870 he met Sofia Kovalevskaya, whose talent and beauty always stirred 
great admiration in him. To all accounts, he was disappointed to find out she was already mar- 
ried to Vladimir, as he harboured hopes in that direction. His work as a teacher must have been 
exceptional, as his many disciples included Cantor, Frobenius, Hurwitz, Klein, Lie, Minkowski, 
Mittag-Leffler and Schwarz. To get an idea of his capacity for work, his complete works oc- 


cupy six volumes. 


Gestalt der Saturnringe, and discusses the form and stability of the rings without 


adding anything that is now considered revolutionary. We now know that the rings 


are not solid, and we have even sent space probes to cross them, but at that time 


barely anything was known about them — people could only speculate. 
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As a result of all this, and given that Sofia5 first paper had the unprecedented 
honour — for a woman — of being published in the Journal de Crelle, in 1874 the 
University of Gottingen, the most important university in the world for mathematics 
at the time, awarded her the long yearned-for title of doctor. 

Yet the perverse obstacles placed in women's path meant that Sofia lacked 
opportunities. After forming her mathematical knowledge in the Weierstrass school, 
Sofia undoubtedly knew a lot about mathematics, much more than some of the men 
around her, but the academic world did not allow her to teach it. It was impossible 
for her to get a teaching job, as the ability to convey knowledge resided, apparently, 
in some divine set of characteristics linked intrinsically to the sex of the teacher. 

Sofia returned to Russia in search of a job in her homeland, a job that she didn't 
find and her political outlook, combining nihilism and feminism, didn't make her 
life easier. She inherited money from her father, but Vladimir investment of the 
inheritance did not pay off, and the money was lost. She abandoned mathematics 
and dedicated herself to literature. 

Friction is said to generate heat, and the Kovalevskys were not immune to this 
law of physics. They rubbed each other up the wrong way so much in their sham 
marriage that they ended up falling in love with each other. In 1878 their daughter 
Sofia was born. 

With time, Vladimir, who was now a professor of palaeontology in Moscow, 
gradually moved away from his scientific work, instead placing speculative deals 
that didn't come to anything. He entered a spiral of depression and eventually took 
his own life. 

Taking her baby with her, Sofia went back to Germany, to take refuge under the 
protective wing of Weierstrass, but failed to find an academic position. There were 
no teaching opportunities for a female doctor in mathematics, however expert an 
analyst she was. 

In Sweden, fortunately, the climate was more tolerant, creating an opportunity 
for common sense to prevail. Sofia had met Gösta Mittag-Leffler (1846-1927), then 
the leading mathematician in Sweden, who had a high opinion of her training and 
intelligence. Through his mediation, she secured a job at the University of Stockholm, 
where she carved a niche for herself, alternating between mathematics and literature, 
Six months later she became a professor, making her the first woman in the modern 
world to occupy such a role. She forged a strong friendship with Mittag-Leffler's 
sister, Anna. Both studied literature, and each promised the other that if she were to 
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die first, then the other would write the deceased's biography; Sofia died first, and 


Anna kept her promise. 


Sofia with Mittag-Leffler's sister, Anna Carlotta Leffler. 
A passion for literature joined these two women 
in a great friendship that lasted until Sofia's death. 


In Paris in 1888, the French Académie des sciences held the prestigious Bordin 
Prize for Mathematics, and offered 3,000 Francs to the winner. All Sofia’s close 
friends knew that she would enter. The subject was always the same. To contribute 
something new to knowledge of the motion of a rigid body moving around a point 
under the influence of gravity. The forms were also always the same: each work was 
linked by a maxim to a sealed document or envelope and only the judges could take 
the content into account. The name of the author of each work remained hidden 
to all, replaced by a literary motto until the prizewinner was decided. The motto 
that Sofia chose was "Say what you know, do what you should, whatever happens". 
In 1888 there were 15 entrants, and the prize went to a brilliant work entitled, in 


translation Essay on a particular case of the problem of the rotation of a solid around a fixed 
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point, with integration effected using hyperelliptic integrals. As you'll have noticed, the title 
is amply descriptive — and impenetrable. When the name of the winner was read out, 
a kind of shudder must have gone round the distinguished audience. The winner of 
the competition was a woman, Sofia Kovalevskaya! All Sofia’s friends knew that she 
aspired to win the Bordin Prize, so her triumph was doubly rewarding. When Sofia 
found out, shortly before Christmas, she must have shivered too, as it was quite a 
distinction, indeed a triumph of international scale. When they awarded it, the jury 
upped the prize to 5,000 francs, because of its high quality. Later works by Liouville 
and Husson proved that the solutions Sofia found covered the full possible range 
— in ‘normal’ cases — and, therefore, that her paper was definitive. Weiertrass wrote 
to her from Germany: “It goes without saying that your success has delighted my 
and my sisters’ hearts, and those of all your friends here. I in particular felt a true 
satisfaction; competent judges have now delivered their verdict. My faithful student, 
my ‘weakness’, is no longer a mere puppet.” Sofia was now ‘somebody’ in her own 
right, on her own merits; she was not in anybody's shadow. 

In 1891 Sofia fell in love again. We haven't emphasised her frequent bouts of 
passion because there were quite a few of them, and they had relatively little bearing 
on her scientific career. This time she fell for a distant cousin, and after spending a 
holiday with him in France, she returned to Sweden. During the eventful return 
trip she caught a cold, which developed into pneumonia. At the turn of the century, 
with no antibiotics available, pneumonia was often a killer disease. She died shortly 
after her 41st birthday, at the height of her intellectual powers. The comment by the 
Russian minister of the interior gets straight to the point and explains a lot about 
the destiny of the tsarist regime: "There really is nothing to be upset about. At the 
end of the day, she was only a nihilist.” 


A popular legacy 

Sofia left us a considerable amount. In the realm of the strictly mathematical, she left 
a significant mark and made a major contribution to analysis. There is a theorem, 
called the Cauchy-Kovalevskaya theorem, the statement of which is quite difficult to 
explain here and involves partial derivatives and analytical functions; in a nutshell, it is 
difficult to state and understand and, for most of us, more or less incomprehensible. It 
deals with linear systems of partial derivatives which satisfy certain outline conditions 
and the existence of analytic solutions to such systems. It was first published in 1875 
in the Journal de Crelle, the ‘serious’ mathematics journal of the period, under the title 
Zur Theorie der Partiellen Differentialgleichung, and became very famous. What stands 
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out to us is the authorship cited in the article, as it seems to be the responsibility of a 
certain Sophie von Kovalevsky, who has sprouted a gentlemanly ‘von’ in the middle 
of her name. This paper has stood the test of time better than the one that won the 
Bordin Prize and cost the author so many sleepless nights. 

Sofia Kovalevskaya' interests were not limited to mathematics alone. One of her 
most widely known sayings, which has almost become iconic is: “It is impossible to 
be a mathematician without being a poet in soul.” In her case this was more than a 
pretty saying, as Sofia wrote quite prolifically in many places, producing essays and 
complete books. Although not her most important work, her Memories of Childhood 
are a model of introversion and self-analysis. In Sweden a pair of Sofia's novels were 
published to reasonable acclaim and commercial success; she could certainly have 
succeeded in this field had she persevered in it. 

She knew many of the literary greats, some in her own right, and others because 
they were friends of her husband. Her circle included mathematicians like Weierstrass, 
Mittag-Leffler, Hermite, Picard, Poincaré and Chebyshev, but also Dostoyevsky, 
Turguenev, Darwin (she translated various of his works for Vladimir's publishing 
company), Thomas Huxley, Bunsen, George Elliot, the explorer and Nobel laureate 
Fridtjof Nansen, Alfred Nobel himself, the chemist Julia Lermontova, Herbert 
Spencer, Helmholtz, Ibsen, Kirchhoff, Mendeleiev, and many more.This broad range 
of acquaintances generally always spoke well of her intelligence and modesty and, 
it must be said, her physique — she was a beautiful woman. And lest we forget, as 
astronomers have not, there is a crater on the Moon that bears her name, and in the 
meantime the Moon, a rigid solid, continues to turn around the centre of the Earth. 
Just like in the Bordin Prize. 
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Chapter 5 


Amalie ‘Emmy’ Noether, the 
Queen Without a Crown 


In the judgement of the most competent living 
mathematicians, Emmy Noether was the most significant 
creative mathematical genius thus far produced since the 
higher education of women began. 

Albert Einstein 


Einstein was right, although Emmy Noether (1882-1935) was never a fellow faculty 
member of his at the Institute for Advanced Study at Princeton — despite meriting 
it beyond any doubt. She had an outstanding mathematical mind; she was perhaps 
the greatest female mathematician to have lived or, at least, that we know about. 
Einstein was not the only person to recognise it. Norbert Wiener rated her as highly 
as the double Nobel laureate Marie Curie, who was also an excellent mathematician. 

She is also a figure about whom jokes in the worst possible taste have been 
made. Remember the immortal words of the outspoken Edmund Landau: “I can 
testify that she is a great mathematician, but that she is a woman, I cannot swear.” It 
is true that Emmy had a mannish appearance, especially when in a class or scientific 
debate she would forget everything, according to eyewitnesses. She ignored the state 
of her hairstyle, forgot to wash her dress, was a noisy eater and neglected various 
other things that made her seem less than feminine in the eyes of the prudish 
German society of her time. Something she also couldn't control was her extreme 
short-sightedness, which obliged her to wear unsightly thick glasses, giving her the 
outward appearance of a dishevelled owl. But, on top of all this she regularly wore, 
for practical reasons, a man’s hat and carried a leather binder full of papers that made 
her look like an insurance salesperson. Hermann Weyl, a former pupil and devoted 
admirer of Emmy’s mathematical talent, summed up, after much deliberation, many 
people’s opinions of her: The Graces were not at her cradle side.” 
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Emmy Noether in a portrait from her youth. 


The ugly duckling that became a swan 


The society into which Amalie Noether was born was stifling for women. The 
throne was occupied by the imposing Wilhelm II, the supreme emperor, lover of 
inaugurations and receptions that required him to descend solemnly from trains and 
listen to mayors' speeches. But the person really doing the dirty work was Chancellor 
Bismarck, the ‘Iron Chancellor’ at the apex ofa conservative and somewhat antiquated 
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society that blocked the education of women, an idea branded as socialist. The general 
attitude was exemplified by the divine Kaiser's wife, Empress Augusta Viktoria. Her 
maxim for women could be summed up by the four letters KKKK: kaiser, kinder 
(children), kirche (church), küche (cooking) — adding her personal ‘K’ to the KKK 
(kinder, kirche, ktiche) maxim of subjects. In such an environment, women had their 
preassigned place, one step up from domestic animals, and certainly below men. 
In particular, women should not and therefore could not study; education was 
prohibited, full stop. In reality, it was not exactly prohibited, which would have 
been a very unsubtle measure in the country of Goethe and Beethoven; education 
was permitted, with all sorts of obstacles, but women could not exercise their right. 
The result was the same, but the methodology was more subtle. There were even 
professors who, driven by some ideological (clearly not biological) impetus, refused 
to start a class if there was any woman present. This was a situation that contrasted, 
for example, with French liberty and the varying degrees of liberalism practised in 
other European countries. 

Emmy was born in the small city of Erlangen to an erudite, professorial upper- 
middle class family. It was a city with good mathematical pedigree, as apart from 
being the chic home town of Christian von Staudt (1798-1867), creator of so-called 
synthetic geometry, it was also where the young genius Felix Klein (1849-1925) had 
announced his famous Erlangen programme, a method of geometric classification 
based on group theory. 

Emmy’s father, Max Noether, was professor of mathematics at the University of 
Erlangen. His intellectual abilities were inherited by his son Fritz, who dedicated 
his life to studying applied mathematics, and his daughter Emmy, although in 
her case her development mirrored the ugly duckling in the Andersen fable. In 
Emmy’s youth there was nothing to suggest that she would achieve such intellectual 
prominence. In fact there was nothing remarkable about Emmy’s childhood. She 
was very fond of dancing, and because everyone knew about it, she was given the 
chance to dance at every party. She didn’t show any particular interest in music, 
making her a rare mathematical bird, as almost all mathematicians show a fondness 
for and even play music. And she was Jewish — an Israelite, as Jews were known then 
— which was of little importance at the time, but would have great repercussions 
for her (and millions of others) in the future. 

With the exception of the occasional flash of genius, Emmy had a conventional 
education for a young woman of her time. She learned to cook and was taught the 
domestic skills needed to run a household. When she studied she took advantage of 
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the opportunity, and everything seemed to suggest, based on her qualifications, that 
she would specialise in French and English and teach languages. But to everyone's 
surprise, Emmy made it clear she had chosen mathematics. 


A 
ect 


A — | ee 


| 


Facade of Kollegienhaus, one of the oldest buildings 
of the University of Erlangen. 


An unstoppable career 


Emmy was seemingly well placed to dedicate herself to her flamboyant career choice. 
She had the knowledge (although this didn't matter to many people), the family 
situation allowed her to live on an — albeit modest — income and she had met her 
father’s colleagues in person. She assumed people at the university would not make 
life impossible for her. 

In order to pursue her studies she had to keep a low profile as an occasional 
‘auditing’ student because she was barred from officially attending classes. She 
completed her period of education with distinction and passed the exam that earned 
her a doctorate without too many academic problems. The topic she chose was the 
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algebraic invariants of ternary quadratic forms.The professor in her subject was Paul 
Gordan (1837-1912), who his contemporaries called ‘king of the invariants’. He 
was a lifelong friend of Emmys father, and his brand of mathematics was entirely 
constructive, When he was looking for an algebraic invariant he was tenacious. He 
bit into the invariant and he wouldn't let go until he had unravelled its mysteries, 
using a tangled web of sometimes boring and never-ending calculations. We could 
explain here what an algebraic invariant and a form are, as it is not too complicated. 
However, they are now irrelevant and not a central concern in modern algebra, so 
we will gloss over them. 

Emmy gained her doctorate in this subject, and in her thesis, Uber die Bildung 
des Formensystems der ternüren biquadratischen Form, she listed the 331 invariants of 
ternary quadratic forms that helped her to gain her title of doctor and to perform 
high-level calculating acrobatics. It was an improbable feat, at the time described by 
the author as “rubbish” in a display of self-criticism. Her doctorate was the second 
such title earned by a woman in Germany, following in Sofia Kovalevskaya's footsteps. 

Despite this, she could not get work as a teacher, and certainly not any paid 
work. For eight long years Emmy stayed in Erlangen giving classes without pay; 
sometimes she was permitted the luxury of filling the professorial shoes of her own 
father, whose health was deteriorating. Paul Gordan retired and was replaced by 
Ernst Fischer, somebody who was studying more modern concepts and with whom 
Emmy got on very well. Fisher introduced Emmy to Hilbert's mathematical work. 

Fortunately, her insight, intelligence and knowledge did not go unnoticed by two 
of the mathematical luminaries of the ‘most mathematical university in the world’ at 
Göttingen. The year was 1915,World War I was raging, and the two luminaries were 
Felix Klein and David Hilbert (1862-1943). They both had very liberal views of what 
women’s role in teaching — and research — should be, and both were extraordinary 
professional mathematicians. They persuaded Emmy that her place and future lay 
not in Erlangen but in Göttingen with them, helping them in their work. What's 
more, at that time Albert Einstein’s revolutionary new physics theories were causing 
a furore, and Emmy was an expert on invariants, algebraic or otherwise (we will 
come back to invariants below), a very necessary mathematical tool. 

It would be hilarious were it not so sad, but Emmy still couldn’t dispel the anti- 
female suspicions of some of the Göttingen staff, whose comments included: What 
would our heroic soldiers say if they came back to their homeland to find a woman 
standing in the classroom, lecturing them from the stage?” Hilbert, who heard this, 
jumped indignantly to his feet: ^I don't see any reason why the sex of a candidate 
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should prevent her from explaining her knowledge as a privatdozent. When all is said 
and done, this is a university, not a bath house.” 

But Emmy was never made a privatdozent (private lecturer). The staff didn't want 
it and made hers a casus belli. The conflict soon came to an end: the Weimar Republic 
was established and the position of women improved.They were given the vote and 
Emmy could work as an authorised professor (although without salary). It was not 
until 1922 that she was finally paid for her work, and only then reluctantly. 

What did annoy Emmy about Góttingen was that her work as editor of the 
magazine Mathematische Annalen, which involved a large workload, was not fully 
recognised. 

What is important for us is that in 1918 the sensational ‘Noether’s theorem’ 
was published. Many people gave it that name, as if she hadn't proved many other 
theorems, some of them just as magnificent, but this is still how this theorem is 
universally known. It would have made her name immortal had she died the day 
after publishing it in 1918, but in reality she had proved it some three years earlier. 
The theorem does not belong to abstract algebra, but rather falls halfway between 
physics and mathematics, and if we were to classify it we would place it on the 
mechanics branch of analysis. Unfortunately, expressing it in a comprehensible way, 
even in a general and approximate fashion, requires some knowledge of advanced 
mathematics and physics. 

Put simply, without symbols or equations, Noether's theorem states, in its most 
informal version: “If a physical system has a continuous symmetry property, then 
there are corresponding quantities whose values are conserved in time.” 

In advanced physics, 'continuous symmetry' can be described by Lie groups. 
Without needing to go that far, symmetry in physics means any transformation in 
a physical system that does not alter aspects of the system. This transformation has 
to affect, by means of a continuous mathematical function, the coordinates of the 
system, and the measurement obtained during and after the transformation must 
always be the same. 

So where does the term ‘symmetry’ come from? It is an expression with a 
specific meaning in physics, used because of the similarity of the concept with the 
mathematical concept of symmetry. Take spatial rotations, which have a symmetry 
group. If the same rotation is applied to the coordinates, this produces a new set of 
coordinates; there is a change (described by continuous equations) of coordinates. 
What Noether said is that if such a change takes place and the system remains 
unchanged by this continuous symmetry, in this case a rotation, then there is 
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automatically a law of conservation of something. In the case we are looking at, if 
the necessary calculations can be performed then it is the angular momentum that 
is conserved. 

Without wanting to go into the question in depth, here are some symmetries 
(identified by their symmetry groups) and some features that are conserved: 


Preserved physical entity 


Linear momentum 


Time translation 


Space translation 


Angular momentum 
Product of pans 
aes” een 


Quark colour 


SU) 


U(1) x SU) x SU(3) 


Standard model of quantum physics 


This theorem was duly praised, including by Einstein, who wrote the following 
to Hilbert: 


“Yesterday I received from Miss Noether a very interesting article on in- 
variants. It impressed me that this type of thing could be understood in such 
a general way. The old guard in Géttingen could learn a few things from 
Miss Noether! She seems to know what she’s doing.” 


These were not hollow words, as Noether's result was a major contribution to the 
problem of the conservation of gravity arising from the theory of general relativity. 
Many see the theorem as a fundamental contribution, with some ranking it as highly 
as Pythagoras’ hugely famous theorem. There’ no higher praise than that! 

Let put ourselves in the simple and intelligible experimental universe of Karl 
Popper (1902-1994) and suppose we invented a theory based on a physical fact. As 
Noether’s theorem demonstrates, if the theoretical framework presents a continuous 
symmetry — and it is to be expected that it presents at least one — then some aspect 
will be conserved, and this aspect is likely to be measurable. We can then check 
whether the theory is false or not. 
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NOETHER'S ‘THEOREM’ 


A physical system is defined in fairly advanced mechanical terms by its action, something like the 
product of the energy consumed and the time taken to consume it. The way in which a physical 
system works is defined in mathematical terms by its Lagrangian L, which is a functional (a function 
of functions), represented by an expression like 


Liq,q,t), 


where g is the location, d the velocity (the higher point signifies, in Newtonian notation, derivative 
of q) and t the time. Note that the q are general coordinates in the system and are not necessarily 
Cartesian coordinates. 

The action A is, in mathematics, the integral over the length of the path taken by the system: 


A= | Ug.d.thdt. 


The principle of least action, so cherished by physicists a century ago, means that a physical 
system traces the path of least effort or action and, therefore, in the language of analysis, A 
must be extreme, a maximum or minimum and, consequently, its first derivative must be zero, 
A good example is worth a thousand words, so we will use one which is explained very well in 
various places and on many web pages, where Noether's theorem is expressed as follows: 


"Suppose that a system of particles has a symmetry property, in other words its Lagrangian 
L is invariant under changes of a variable s, such that aL. 0. Then there is an associated 
property C of the system that is conserved: Tso" 
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We'll take the physical system made up of two values of elasticity coefficients k,, and k,,. Let's put 
names to these things: 


Lx, X, X, X, X, X) 9 T-V. 
Kinetic energy = T= immi +m,%3). 
Potential energy =V = Hk -XY +k (x, -x Y). 


Here the general coordinates q coincide with the Cartesian coordinates x,. Mathematical analysis 
tells us (Euler-Lagrange equation) that: 


Let's now look at the symmetry, or the s in the statement. As the law of symmetry seems eternal, 
it is not outrageous to suppose that s = t, time, and that the Lagrangian symmetry referred to in 
the statement turns up here: 


9L 
=—=0. 
ot 


Let's try a little algebraic manipulation: 


and if we reorder this: 


di-za es 


we now have the conserved magnitude C. It is the expression inside the brackets. As d, =x, 
checking the calculations, 


CeL-YÀ e L-27 T-V- =-V-T =V 4T) constant 


The sum (with a minus sign) of the kinetic and potential energies, or rather, the total energy in the 
System, is constant. We have stumbled across the law of conservation of energy. 
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More and more algebra. And what wonderful algebra! 


When we left Emmy, she'd just moved to Góttingen to work with Klein and Hilbert, 
two world-renowned figures. Despite the obstacles put in her path by the more 
conservative and obtuse elements in the university, Hilbert soon worked out how to 
get round the restrictions. He arranged courses under his own name, and when they 
were set up he let Emmy teach them, leaving his opponents impotently gnashing 
their teeth. 

It was as if they'd taken the brakes off the car in which Emmy Noether was 
travelling along the motorway of mathematics, because her productivity really 
accelerated. From 1920 onwards, her career took a new course. Slowly but surely, her 
intellectual output focused on purely algebraic matters, first in the field of rings and 
ideals in ring theory, and then on increasingly complex structures, such as algebras. 
Her first epoch, the ring period, could easily have earned her the modern title of 
"lady of the rings', so expert was she in the field. This first epoch included results 
of such relevance to the development of algebra as the Lasker-Noether theorem 
(1921) and the normalisation lemma (1926). In 1927 she published a paper on what 
are now called her isomorphism theorems. 

Barely pausing for a break, Emmy made inroads into much more intricate 
territory, such as algebras. In 1931 she gave her name to the Albert-Brauer-Hasse- 
Noether theorem of finite-dimensional division algebras. In 1933 she rediscovered 
an important result in the field of algebras, the so-called Skolem-Noether theorem. 
You'll have noticed that in none of these cases have we given details of the theorem 
statements, as the terms used and mathematical objects to which they refer are very 
abstract and specialist. 

A veritable herd of noisy and quite undisciplined, yet very intelligent, students 
followed Emmy wherever she went. These were *Noether's gang’, who clung to and 
discussed her every word. Not only that, they also accompanied her on her long and 
frequent swims in the municipal pool, where Emmy swam and dived like a dolphin. 
Many of them would in turn become great mathematicians, thanks to the ideas 
they were learning and despite the fact that Emmy' teaching was, to put it mildly, 
unconventional. With her gang she behaved like a brooding hen, affectionate yet 
demanding. Many of them saw her as more of a cockerel than a hen and they called 
her — with respect and some fear — Der Noether (as if she were a man, in other words). 
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A picture of 'Noether's gang’. 


A story from the Nazi era illustrates how strange the court of*Noethers gang’ was. 
The wife of Emil Artin (1898-1962), Natascha Artin-Brunswick, describes one of 
their journeys on the Hamburg metro. Emmy collected her followers, who Natascha 
compares to the children who followed the Pied Piper of Hamelin. Right at the start 
of the journey, Emmy started discussing mathematical topics with Emil Artin, in an 
increasingly loud voice, without considering the other passengers. The words “fiihrer” 
and “ideal” cropped up continually, to Natascha’s great horror, who thought they 
might be detained at any moment by the Gestapo. Somebody explained to the feared 
police that the words Emmy was using were algebraic terms related to ring theory. 

At that time, with the Nazis stalking the streets, hassling professors and keeping a 
close watch on public life, one student turned up at a class Emmy was giving in her 
home (she couldn't visit campus because she was Jewish) in a Nazi uniform. Emmy 
was a pacifist and viewed the rise of the Nazis with resignation. 

Emmys own field of activity was algebra, and more specifically the most daringly 
modern strain of algebra, including excursions into topology, like the one she worked 
on with her colleague Pavel Alexandrov (1896-1982). His speciality was studying and 


digging deeper into algebraic structures, revealing their specific characteristics and 
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examining them in their utmost generality. He had achieved international renown, 
and students from all over Europe would flock to his lectures. One of these, Bartel 
van der Waerden (1903-1996), the famous author of Modern Algebra, the book that 
would go on to be a core text for generations of students (myself included) wrote 
his obituary of Emmy: 


"For Emmy Noether, relationships between numbers, functions and operations 
became transparent, generalisable and productive only after they had been 
dissociated from any particular object and reduced to general conceptual 
relationships." 


Or, if you prefer, here is Einstein again: 


"Pure mathematics is, in its way, the poetry of logical ideas. One seeks the 
most general ideas of operation that will bring together in simple, logical 
and unified form the largest possible circle of formal relationships. In this 
effort toward logical beauty spiritual formulae are discovered necessary for 
the deeper penetration into the laws of nature.” 


Basic algebraic structures 


Take good note of what follows because it might be the only thing you understand 
about this article, which summarises abstract algebra. In any case, it is very long- 
winded, but elementary, as it consists only of definitions. 

There are many very elementary algebraic structures, regarded as sets comprising 
one or more operations, but we will confine ourselves to structures with two 
operations, o and e, which in many cases turn out to be and x. Sometimes we 
need what is called a third ‘external composition law’ — and sometimes more — but 
we will try to explain in the least messy way possible. We will use the symbol € so 
that we don't have to say at every stage ‘is an element of". 

A group is a set of elements A, with an operation o which obeys three laws: 


1) There is a neutral element, n, such that n o a=a o n =a, for any a€ A. 

2) There is, for each a€ A, an inverse element a^! such that aoa^! =a" o a=n. 

3) The associative law holds true for any a, b c € A, which means that 
(ao b) oczao (boc). 
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A group is commutative or Abelian (named in honour of the Norwegian math- 
ematician Niels Abel), when for any a, b € A, the commutative law a o b=b o a 
holds true. 

If the operation is +, the inverse element of a is designated by —a and is called 
opposite. The neutral element is called 0. 

If the operation is x, the inverse element of a is designated by 1/a. The neutral 
element is called 1. 

A ring is a commutative group that comprises another operation, e, with which 


it is associative: 
4) For any a,b,c € A, (a e b) è c=a o (bec). 


The two operations o and e are related to each other with the distributivity of 
o with respect to e: 


5) a e (bo c) =(a e b) o (aec). 


Clear examples of rings are numbers, in any of their modalities, N (natural), Z 
(integers), Q (rational), R (real) or C (complex); polynomials also form rings. In 
the world of rings, as o is as commutative as +, it is simply designated by +, and 
the operation by e, when it is commutative, which we will suppose it is to simplify 
matters, it is commonly designated by x, as if it were a product. 

A subgroup or subring of A is any subset that continues to be a group or ring when 
this subset is limited by the operations o or e. An ideal is a special type of subring: it is 
a subring B C A such that any product of a be B and any other element, whether or 
not of B, remains in B. Ideals can be added and multiplied, giving rise to other ideals. 
In a way, the notion of an ideal came about as a generalisation of the concept of a 
number. Given two ideals, J and J: 


I*J-(xty/xe I, ye}. 


The ideal JJ is slightly more difficult to define; it is the ideal generated by all 
products xy where x€/, ye J; the intersection of all the ideals that contain these 
products is the above-mentioned ideal. 

An integral domain is a ring A that has no zero divisors. This means that there can 
be no elements a and b such that axb =bxa=0.When this happens, it means that A 
is commutative and unital, i.e. there is a neutral element for multiplication which is 1: 
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Now consider the integral domain A without the 0, which we will call A*=A \{0}. 
Ifin A* the operation x determines a commutative group, we say that A is a field. 
If A* is not commutative, algebraists say it explicitly and refer to noncommutative 
fields (or skew fields). But we don't need to worry about this skewing: if A is finite 
then A is commutative, as proved by one of Wedderburn' famous theorems. When 
A is infinite then the fun really begins for ‘twisted’ algebraists. 

Let's look at A-modules, the strangest species in the modern algebraic world. A 
left A-module requires a unit ring A and a commutative group M.The elements a, 
be A act on the elements M (m,n€ M) in the following, very natural way: 


1. (ab) m = a (bm) 

2. (a b) m = am - bm 
3. a(m +n) 2 am t an 
4.1m- m. 


The right A-module is defined in a similar way; the commutative module (or 
simply A-module) is the same on the left as on the right. If A is a field, then the 
A-module is called a ‘vector space’. 

When the vectors in a vector space can be multiplied, this vector space is an 
‘algebra’. And we will stop there, because as elementary as all this is, it is possible 
that nobody remembers what we were talking about at the outset. 


An ideal, Noetherian, algebraic digression 


Much of Emmy Noether's scientific activity was dedicated to rings and ideals, 
algebraic structures which she spent many years studying. There's no harm in trying 
to explain why, although it may be somewhat superficial. 

The numerical objects that crop up in mathematics include many objects that 
form a ring structure: the set Z of integers and their successive extensions Q, IR and 
C all form rings. The polynomials of a variable with coefficients in the previous 
rings also form rings Z [X], Q [X], R [X] and C [X]. The same is true of polynomials 
of various variables Z [X,, X,,...., X ], Q [Xp X,,..., X ], RIX, X,...., X,] and C[X,, 
XX And convergent series. In short, there an infinite number of examples. 
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So what are these ‘ideals’ and why do they sport such a romantic name? Let's 
look at a little maths history. Take the case of quadratic integers Z [N55] or 
Z [i 5]. which is the same thing. This is the set of numbers of the form 
a+b V5 , where a and b are integers or, to put it another way, 


Z[V5]={at+b V5 /a, be Z}. 


Z [V5 ] is a ring (you can check), but here we find ourselves, mathematically 
speaking, in bandit country. We're very well accustomed to the division we've been 
doing all our lives and to there only being one prime factorisation. Take the number 
21, where 21 =3x7, full stop. 21 is factorised as a unique product of the prime 
numbers 3 and 7. It is this very fact that is the basis for the fundamental theorem of 
arithmetic: there is only one prime factorisation in Z. Well, in Z| V5 | the predictions 
break down: Here 21 can be factorised in two ways, both of them irreducible 


3x7=(4+ V5) (4-8) 221, 


and the unique prime factorisation does not exist, something that Ernst Kummer 
(1810-1893) first discovered, to his great displeasure. Among other things, this fairly 
irrelevant fact, which can be expressed in a single line, prevented 19th century 
algebraists from proving Fermat's theorem and annoyed them greatly. 

To try to solve the problem, Kummer introduced ‘ideal numbers’, which skirted 
around the problem slightly. Not too much, because these numbers weren't even 
from Z IN-5 ], but rather from a larger ring. In fact, they weren't even numbers, but 
rather, as we would say today, sets of equivalent numbers. At that time the now very 
common mathematical concepts of the quotient set and homomorphism had not 
been discovered, and it wasn't until Richard Dedekind (1831-1916) intervened that 
some order and logic were introduced to the world of ideals. He was followed by 
other algebraists who staked out the ground and then drilled down into it — and one 
of the most outstanding of these was Emmy Noether. The bibliography includes a 
good source, in case anybody would like to plunge into the (real) history of ideals. 

There is another aspect of ideals that is worth highlighting and to which Noether 
devoted particular attention — the chain of ideals. We will look further than Emmy 
Noether, and rather than explaining the abstract concept we will just give a very 
simple example, that of the ideals in the ring of integers Z. 
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Such a simple world (which is an integral domain, a ‘good’ ring) is governed by 
the fundamental theorem of arithmetic, the unique prime factorisation exists and 
all is concord and harmony. In such a paradise, ideals are the sets n Z, constituted of 
whole multiples of n, and there are infinite ideals, as there are infinite numbers. The 
sum and product of ideals is a delight, as 


aZ t bZ -(a*b)Z 
aZ xbZ =abZ. 


‘Ideals’ (which are sets of numbers) and more mundane numbers behave in the 
same way, factorise in the same way, and are, from an arithmetical point of view, 
equivalent. They are also equivalent in a more subtle respect: divisibility. So, “b is 
divisible by a” can be expressed, in terms of ideals, by bZ C aZ. And herein lies the 
genius of Noether’s construction. Their ideals are linked together by means of c 
insofar as they reflect divisibility. 

And as any divisibility relationship ends in a number at one time or another, so 
any chain of ideals ends at some point. Chains of ‘good’ ideals necessarily have to 
end, which means that they are finite or, in other words, that there are no infinite 
chains. Rings that do not have infinite chains of ideals are called Noetherian rings, 
and it was these rings that Emmy chose as the prime focus of her studies. 

Subsequent algebraists have demonstrated the equivalence of the following 
propositions: 


1. A is Noetherian (meaning its ascending chains are finite). 
2. Any ideal in A is finitely generated. 
3. Any set of ideals in A has a maximal ideal. 


In 1999, the Australian Mathematics Trust advertised a t-shirt with a diagram 
of all the ascending chains of the ideal 18Z in Z. They could have used another 
example, but space on a t-shirt is limited. The following ascending chains stood out: 


182c9Zc3ZcZ 
182c6Zc3ZcZ 
182c6Zc2ZcZ 
182c9ZcZ 
182c6ZcZ 
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18Z2c3ZcZ 
182c2ZcZ 
18ZcZ. 


which, as was to be expected, are finite and Z is Noetherian. In fact, Hilbert 
demonstrated that if A is Noetherian, the ring of polynomials A [X] is as well. 


EMMY’S THEOREM AND THE CHESS PLAYER 


The algebraist Emanuel Lasker (1868-1941) was an eminent mathematician and world chess 
champion. As an algebraist he devoted a lot of time to the concept of ideals, prime ideals 
and primary ideals. In this book we are not in the business of giving classes in abstract alge- 
bra; instead we will deliberately limit ourselves to A rings, which are also integral domains. 
In these, a primary ideal is an ideal /, as distinct from the initial ring A, in which if abe /, and 
ag I, n exists such that b"e I. (When n=1, we refer to prime ideals.) Lasker characterised a 
very broad range of rings (now called Lasker rings) according to a beautiful property their 
ideals possess. Each ideal can be decomposed into a finite intersection of primary ideals. 
What Emmy proved is now known as the Noether-Lasker theorem, and the statement is as 
follows: 


“Every Noetherian integral domain is a Lasker ring.” 


Itis a theorem that is very typical of abstract algebra and which links such apparently remote 
concepts as finite chains of ideals and the intersection of primary ideals. 

You may not have noticed — and in truth there's no need to apologise for that — but if the 
Noether-Lasker theorem is applied to the ring Z, the result is the fundamental theorem of 
arithmetic: any integer has a unique factorisation as a product of powers of prime numbers. 
We owe the (now universal) name ‘Noetherian ring’ to the great French mathematician 
Claude Chevalley (1909-1984), one of the founding members of the Bourbaki group. 


E ee ee ses | 


The end of the story 


It is true to say that by the 1930s Emmy had already developed an extraordinary 
reputation in the small world of mathematics. Her speech at the 1932 International 


109 


AMALIE 'EMMY" NOETHER, THE QUEEN WITHOUT A CROWN 


Congress is an example of this. The following year, the Nazis gained absolute power 
in Germany and proceeded to expel all Jewish professors from their chairs with a 
steely resolve comparable in degree only to their stupidity. Emmy, marked out by the 
avenging angel of anti-Semitic fury, was no exception. Her friends and colleagues 
protested on her behalf, but to no avail. She and many of her colleagues (Thomas 
Mann, Albert Einstein, Stefan Zweig, Sigmund Freud, Max Born, etc.) had to stop 
teaching in Germany and, if they were lucky (as they saw it at the time), leave the 
country and contaminate some non-Aryan nation with their perverse ideas. What 
exactly could be perverse about studying modern algebra we will never know. The 
Nazis probably won't either. 

Emmys brother Fritz took up a job in Tomsk (Siberia), and Emmy, after flirting 
with Oxford and Moscow — Emmy felt a certain attraction to the Russian revolution 
— ended up, thanks to the good work of the Rockefeller Foundation, in the United 
States. 

Many books have been written about the spread of anti-Semitism. It won't 
surprise you to know that in the years prior to the entry of the USA into World 
War II, some universities, like Princeton, supposedly the repositories of pure thought 
and a more liberal tolerance, were gradually and shamefully becoming tainted with 
anti-Semitism. This was one reason why the philanthropic, Jewish and fabulously 
wealthy Bamberger family endowed the Institute for Advanced Study, at the very 
same Princeton — a completely secular and neutral institution — with millions of 
dollars. The scholars on the staff developed their ideas and were paid purely to think 
and had no academic obligations. The institute served as a refuge for several Jewish 
or part-Jewish emigres from Europe, including Einstein, Weyl, Von Neumann and 
Gédel. Despite teaching seminars and lectures, Emmy Noether, because of her 
gender, was not made a member of the institute, although she certainly deserved 
to be. Her home was not in New Jersey but a short distance away at Bryn Mawr 
College, Pennsylvania, which was the best women’s college in the world. Emmy 
would sometimes forget that she was in America and in the middle of mathematical 
debates lapse into fluent German. 

Just two years into her exile, Emmy was diagnosed with an ovarian cyst, and 
doctors recommended that it be surgically removed. The operation was a success, 
but she died of a sudden embolism. 
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A curious footnote to her death is that in the midst of the avalanche of obituaries, 
one — written by Van der Waerden — was published in Germany, seemingly without 
any problems. That there were no repercussions must mean that the Nazi censors 
did not really understand algebra. 

One more thing: there is a crater on the dark side of the Moon and an asteroid 
(7001) named after Noether. 


11 
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Chapter 6 


Recent Times 


It's easier to ask forgiveness than it is to get permission. 
Attributed to Grace Hopper, mathematician and naval officer 


All this attention has been gratifying but also 
embarrassing. I would prefer to be remembered, as a 
mathematician should, simply for the theorems I have 
proved and the problems I have solved. 

Julia Robinson 


Grace Murray Hopper (1906-1992) 


Which Hopper are we talking about? Rear Admiral Hopper — appointed in 1983, 
aged 77 — or the destroyer USS Hopper? The rear admiral, of course; the ship was 
merely named Hopper in her honour. And now we're concentrating, the rear admiral 
is a woman... If we were also to tell you she was a mathematician, a great computer 
expert and, among other things, the inventor of the COBOL programming language, 
we would see the rear admiral in a different light and with the utmost respect. Grace 
Hopper (‘Amazing Grace’, as she was nicknamed, after the title of the song) was a 
central figure in all these stories and more. It’s worth getting to know her better. 


Guns and computers 


She was born Grace Brewster Murray, great-granddaughter of George Murray, 
her lifelong idol. Grace’s parents must have had some influence on her strong and 
independent-minded personality. Her mother, Mary Campbell van Horne, was a 
student who grew frustrated by the social pressures of her youth. She would have 
liked to study mathematics to a more advanced level, but this was looked down 
upon as something not befitting a young lady. Her father, Walter Fletcher Murray, 
was an insurance broker, but a circulatory disorder he developed when his children 
were still young forced him to have both legs amputated. Despite this, the family 
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ploughed on — Walter lived into his seventies — and Grace was able to study. Walter 
always instilled in his children the belief that they could achieve anything they set 
their minds to. And he didn't believe in educating girls any differently to boys. 

Grace was born when technology was in its infancy, midway between the Wright 
brothers’ first flight and Henry Fords Model T. When she was still a child of seven 
her curiosity led her to take a watch apart at home, to discover its secrets. She can't 
have found what she was looking for, as she continued her dedicated investigation 
until the seventh watch, when her mother realised what was going on and put a stop 
to the clockwork massacre. Perhaps for this reason Grace kept a watch in her office 
that marked time in reverse, with the hands turning anticlockwise; it was her way of 
displaying to visitors her firm belief in the power of innovation and difference. One 
of her best known phrases, in fact, is ^A ship in port is safe; but that is not what ships 
are built for. Sail out to sea and do new things". 

She couldn't begin her secondary education at the prestigious Vassar College at 
the first attempt, as she could not stomach the Latin — not a problem she'd face today. 
She passed the entrance exam at the second attempt, and excelled at mathematics 
and physics. She then doctored in mathematics at Yale, quite a feat as she was the 
first woman in history to do so, and she was under the supervision of a famous 
mathematician and algebraist Oystein Ore. Vassar College held on to her, employing 
her as a teacher and, in time, lecturer. In 1941 she distinguished herself, winning a 
bursary to study in New York, at the Courant Institute of Mathematical Sciences, an 
institution often spoken of reverently in hushed tones. 

Grace had already married Vincent Hopper, a professor of languages at New York 
University, and remained married to him until the end of World War II. When she 
divorced, in 1945, she kept her married name. Her ex-husband was killed in action 
in that same year. 

In novels, people are sometimes said to hear the call of the wild; in 1943 Grace 
heard the call of her homeland. The United States entered the war in the wake 
of Pearl Harbor, and Grace enrolled in the navy. This was no easy task, as she was 
not yet up to the required weight — she was seven kilos too light — and she had to 
negotiate an exception. Nonetheless, she joined up and topped her class. She left 
with the rank of junior lieutenant. Her superiors displayed great common sense 
and sent her to serve under mathematician Howard Aiken (1900-1973) and work 
on his Mark I computer. His initial words to her have passed into legend: “Where 
the hell have you been? I want the coefficients of the function arctan x for Thursday 
and no excuses!" he cried. Despite this, in time both would co-author many articles, 
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Top, the destroyer USS Hopper; bottom, rear admiral Grace Hopper, 
photographed in January 1984. She is the only mathematician in 
history to have a ship named in her honour. 
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not only on Mark I, but also on its successors, Mark II and Mark III. To help fans of 
calculation with this new instrument, the computer, Grace wrote a 500-page manual. 

The Mark I, which many people regard as the first great computer in history, was 
over 15 m long and 2.5 m in width and height. This monster, despite its size, had a 
laughable memory, and could do just three sums per second. Any modern personal 
computer would beat it hands down! They were the first baby steps in what we now 
call computer science, or just computing. At that time all the calculations, which 
seemed miraculously fast, were performed for military purposes, particularly ballistics. 
Computers were not yet in commercial use. 


In any case, a computer was a mystery to everyone except the experts. On one 
occasion a number of admirals visited and the cursed machine began to play up; 


PUTTING A BUG IN YOUR COMPUTER 


Once, a long, long time ago there was a computer that made mistakes, leading some people to 
question the programs reliability (it was the Mark Il and the year was 1947). After meticulous 
analysis, it was discovered that the mistake was simply down to an insect that had slipped in 
between the connections. It was located and 'archived' in the corresponding incident book, 
stuck in its pages. What a sorry end for a poor bug ... Although Grace didn't find the insect 
herself, she is credited with coining and popularising the term. Since then, a 'bug' in a program 
has been an imaginary insect, but it is really a software or hardware error (it is now unthinkable 
‘that it could be a real insect). The word bug was already used to refer to hardware problems, 
but it was the first time that the hypothetical insect had become a reality and apparently affect 
the software, so the word ‘bug’ stuck. 

Any bugs in a program should not be regarded as a joke. They are quite common, sometimes 
very difficult to detect and can cause extremely regrettable corporate losses and material losses 
worth millions. To give an idea of the strangely delicate sets of circumstances that can determine 
the emergence of bugs, let's take a look at one. It's quite normal for various programs to 
combine to perform a single operation, and in some cases, although in isolation none of the 
components poses any threat, the coming together of two of them at a weak point creates 
a bug. 

There are some famous incidents caused by bugs. During the 1980s, a bug in a program on 
a medical computer modified the planned radiation therapy and several patients died. The 
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Grace rescued the situation by keeping her finger nonchalantly on the start button. 
Nobody noticed. 


Looking to the future 


After the war, Grace continued her naval career, but in the reserves, not on active 
service. One constant in her life is that she rarely worked in just one place. In 1949 
she also went to work for a private company, which over the years had several names, 
including Remington, Sperry and Sperry-Rand. Its final incarnation was UNIVAC, 
but at the time Grace joined it was called the Eckert-Mauchly Corporation.A foot- 
note to this story is that John Presper Eckert (1919-1995) and John William Mauchly 
(1907-1980) were the fathers of the first electronic, multipurpose computer — also 


public reaction to the failure of the prototype Ariane 5 rocket was less hostile, but a bug that got 
into its control program caused $1,000,000,000 in losses. An official US committee has estimated 
the annual losses attributable to undesirable bugs at 0.696 of gross domestic product. So it's war 
on the bugs, small errors that can cause huge damage. 


(TET 
PHS fases) 


The first bug in history, preserved in the Smithsonian National Museum. 
Unlike modern bugs, this one was real. 
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enormous — the legendary ENIAC. By this stage computing had stopped being 
uniquely focused on military matters useful during wartime, such as ballistics and 
code-breaking, and was being used for civil and commercial purposes. Computing 
had become a civilian science, and its development was accelerating and unstoppable. 

Grace made a considerable contribution to this progress, working on the 
development of a compiler that would become the FLOW-MATIC. It is commonly 
accepted that the first compiler was created in 1952. Naturally, we will take another 
brief pause here to explain what a compiler is. 

In computing we distinguish between machine code, which is, so to speak, the 
language the computer actually understands, and source code, which is the language 
the programmer uses or thinks in. The former is simpler than the latter, as the 
machine is not very bright, but very fast, while the programmer is much sharper, 
but slower. Compiling something is very worthwhile, because it means you can 
entrust the process that your grey cells have devised to a computer, in a way that 
it will certainly understand you. In 1950, Grace was already predicting, to general 
disbelief, that software was going to be much more expensive than hardware, and 
time has proved her right.'Know-how' comes first, and is priceless; the rest follows. 
A well-known and irreverent political maxim says that “Pull him by his private parts: 
the rest will follow". It's the political version of a self-evident computing truth. 

An unexpected consequence of Grace's work over this period on compilers is 
that she had to learn to calculate in base eight — as in computing the byte or octet 
is king. Calculations use the octal system, an extension of the binary system. Grace 
mastered it in every detail: she often did everyday calculations, such as the shopping 
budget, in base eight. She'd moved away from the decimal system, with grave risks 
to her finances. Anybody else might have been happy with inventing something 
as valuable as a compiler, an instrument that enabled computers to pay simple 
salaries and issue invoices, but this was not the way that Grace Hopper innovated. 
Computers were no longer machines capable simply of doing arithmetic very 
quickly, but rather machines that could think mathematically, and there was a way of 
making them understand you. Grace took things one step further, and it is said that, 
prompted by her inability to manage her cheque book and current account, tried 
to make the machine understand English, the language not only of Grace but also 
of business, shops and most users. By 1956 she'd managed, using her UNIVAC and 
her compiler, to teach the computer to understand a couple of dozen commands in 
English. Thus COBOL was born, and in 1959 a committee was formed to carefully 
define the standards for the new language. 
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In 1966 age forced Grace to take voluntary redundancy from the Navy reserves. 
But you'd be wrong to think the story ended there. The Navy made numerous at- 
tempts to pay their enormous payroll electronically, and after attempt number 823 
they threw in the towel and called Grace back to active service. “It will only be six 
months, but would you like to come back and take responsibility for this night- 
mare?”, they asked. Grace came back, sorted the mess out, and the Navy didn't let 
her go. She remained, working and giving lectures for many more years. In 1973 
she retired to the reserves, and the Navy made her a captain — a woman had finally 
risen to the rank of Horatio Hornblower, only one who wore glasses. 

At that time Grace Hopper was trying to establish unofficial standards for 
FORTRAN and COBOL, which were subsequently given the ultimate seal of 
approval. They were adopted as models by the National Bureau of Standards. In other 
words, actual usage suggested, and the administration decreed, a procedure that was 
very cheap and did not hinder what already worked. 

In 1983 she was promoted to commodore, a designation that was officially 
phased out in 1985 and replaced in the new hierarchy by the rank of rear admiral. 
In 1986, when she retired from the navy for good — but only from the navy, not 
from work — she was 80. She was the oldest serving government official and a 
living legend. The then-president George Bush, Snr., awarded her the Distinguished 
Service Medal (she already had a host of medals, but none comparable to this one). 
She died on New Year's Day 1992 and was buried with military honours at Arlington 
National Cemetery. 

She was paid many tributes, the most extravagant of which was perhaps the 
naming of a naval destroyer in her honour in 1996. A tribute which had less 
significance, and was certainly on a smaller scale though no less strange, was 
becoming Man of the Year! In 1969 she was the first person to be named Man of 
the Year (sic) by the Data Processing Management Association. In 1991, shortly 
before her death, she was awarded the highest national honour for her specialism, 
the National Medal of Technology. 

Her passion for innovation was legendary. One of her obsessions, a successful 
and visionary innovation, was for every ship to be fitted with a computer. She spoke 
in a stimulating and direct manner. She was known in many fields for her ability 
to explain to any audience, whether or not they were packed with experts, what a 
nanosecond was, as she was always asked why transmissions from very distant places 
did not arrive instantaneously. She would chop old telephone wire into 30-cm 
lengths, et voilà: That was the distance that light travels in the space of a nanosecond. 
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COBOL 


This is a universal programming language that can be used to give a computer instructions 
in English (or something like English). In fact, when it was created in 1960, it was designed 
in a universal language that can be used for any computer. (This is very important, as it 
means that a task can be executed on any machine and its owner is not the exclusive owner 
of the method behind the process.) The language was mainly aimed at the business world 
Its name, as is conventional in the US, is an acronym: COBOL stands for COmmon Business- 
Oriented Language. Nonetheless, historians say that the word COBOL can trace its origin to its 
two main components, Grace Hopper's FLOW-MATIC compiler and the COMTRAN program 
(actually the background program) from IBM. Some people referred to Grace Hopper as 
‘Grandma COBOL’ 

It is such an old, commonly used and, above all, reliable and proven language, that it has 
survived for over half a century into a number of improved versions. The business world still 
uses it keenly, sometimes without knowing it, immersed and hidden among other applications. 
A sign of its popularity is found in cinema: the language that the Terminator robot played by 


Arnold Schwarzenegger 'speaks' is COBOL 
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Still from Terminator showing how the robot character ‘speaks’ in COBOL to itself. 
https://www.linkedin.com/pulse/how-my-cobol-code-ended-up-original-terminator-movie-robert-swirsky/ 
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It would be impossible to explain it any more graphically. 


PORTLAND, OREGON NOVEMBER 9 - 12, 2011 


auge WOMEN 
“COMPUTING 


en anid Tech} Www. gracehopper.org 


Poster for the annual conference of the The Grace Hopper Celebration of Women in Computing, /n 
the United States, the level of women's participation in the field of computing is remarkable. 


Julia Bowman Robinson (1919-1985) 


In the United States, almost all citizens are proud to call their country America; they 
say it without any malice, as if there was no America other than their own, but it still 
reveals a certain arrogance. Certain people in the United States cannot conceive, for 
example, that the solution to Hilbert’s tenth problem, a question of pure mathematics 
which transcends nationalistic considerations, is not attributed to Julia Robinson, a 
brilliant American mathematician who devoted decades of work and thought to this 
topic. And after doing so much important elementary work, would you believe it? 


The solution was eventually found by a Russian called Yuri Matiyasevich, aged just 
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22, thousands of kilometres away, using an ingenious trick involving manipulation 
of the famous Fibonacci sequence. Julia came close, very close, but was just pipped 
at the post. However, some books, articles and journalism unequivocally name Julia 
as the person who deciphered this mathematical mystery. In addition to patriotic 
pride, there are other reasons to credit her with something she herself, with her 
exemplary modesty, never claimed credit for. Julia was not only a woman, but also 
the best — and best-known — mathematician in the United States, and perhaps, now 
we can say it, in America. She was perfectly able to solve the mystery single-handed. 
Let's look at what happened. 


Julia Robinson in May 1941 (source: Constance Reid). 


The story of a vocation foretold 


Julia Bowman was destined to be a mathematician before she had even been born. 
Her older sister, who after marrying became Mrs Constance Reid, made her name 
not as a mathematician, but as a biographer of mathematicians. Her book on Hilbert 
is regarded as a model by other biographers. Chance would present her with a famous 
sister whose biography she could also write. 

Julia’s mother died when she was two, and her father Ralph sent Julia and 
Constance to live with their grandmother in the middle of the Arizona desert while 
he rebuilt his life. He remarried, retired from his machinery business, invested his 
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considerable savings, moved to California — at the request of his second wife, who 
wanted the girls to attend a normal school — and devoted himself to the family, 
among other things. 

We know that at that time Julia's mind worked slowly. At the age of nine she 
contracted scarlet fever and was ill for a year. The family had to agree to her being 
quarantined and when it came to an end celebrated by reuniting happily to see 
their first talkie movie. Their happiness was premature, as one of the consequences 
of the then fearsome disease was that it resulted in a rheumatic fever that kept Julia 
in bed for many months and prevented her from attending school for another two 
years. This caused the heart condition that would be so important in her adult life. 
Rheumatic fever usually attacks the valves of the heart, weakening them; Julia had 
a weak heart all her life. 

When she finally recovered, her parents employed a tutor to help her make up 
for lost time, which she did brilliantly, cramming four years’ work into one. Her 
mathematical mind seemed to wake up during this time. Her tutor showed that the 
behaviour of the decimal part of 42 was unexpected, and specific to what we would 
call an irrational number. Instead of repeating itself after a certain point, as is the case 
with the periods of fractions, when calculating them one after the other the figures 
of V2 did not repeat at all, however many decimal places it was calculated to. Julia 
found this so incredible that she spent the rest of the day calculating decimals, one 
after the other. From then on, numbers were her friends. 

After starting school, Julia gradually climbed the rungs of her scientific education; 
she was soon the stand-out science student in the school. After her first graduation, 
her parents rewarded her with what was a princely gift for the period — her first slide 
rule, which she solemnly named “Slippy”. There was a general consensus that she 
should take up a position as a maths teacher, and the best route to that was to attend 
San Diego State College — it hadn't yet become San Diego State University. Julia's 
intention not to stop there and to make mathematics her genuine calling seems to 
have stemmed from reading a — then very famous — biographical book called Men 
of Mathematics by Eric Temple Bell. The book is certainly captivating and likely to 
stir anyone’s ambitions. 

The Great Depression, which began in 1929, came at a very bad time and had 
tragic consequences: her parents’ savings had run dry over time,and Ralph Bowman 
was deeply troubled and depressed; he ended up taking his own life. Everything 
seemed to have become very unstable, but fortunately with an aunt’s help the 
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family kept going, and Julia could continue her studies. Her fees for the semester 
were exactly $12. 

Her eagerness to learn more and train properly led her, with her sister Constance's 
financial support (she was now teaching), to attend courses at the University of 
Berkeley. Learning more did not seem to be a good way of finding work, as her 
potential employers always asked her not about mathematics but rather how many 
typewriter keystrokes she could do per minute. At Berkeley, like Grace Hopper she 
heard the call of the wild, in her case attracted to the beauty in advanced mathematics 
and, on a more personal level, in the enchanting words of one of her teachers, the 
young Raphael M. Robinson (1911-1995). Berkeley was where Julia discovered 
that she was a swan among ducks, a mathematical swan. She found happiness for the 
first time in her life. Shortly before the world was shaken by Pearl Harbor, Julia and 
Raphael got married. 


Julia Bowman marries 


Berkeley' anti-nepotism rules barred Julia from teaching mathematics in the same 
department as her husband, but fortunately Jerzy Neyman (1894-1981) hired her 
to work on statistics, in a secret military laboratory. Julia was always fascinated by 
statistics, especially after discovering the amazing statistics involved in baseball, but it 
was not a job that was completely in keeping with her ambitions, as she was more 
interested in the eventful life of a professional mathematician. However, she threw 
herself into it. She was once asked to describe a typical week in her life: “Monday: 
try to prove a theorem. Tuesday: try to prove a theorem. Wednesday: try to prove a 
theorem. Thursday: try to prove a theorem. Friday: theorem false. 


Julia with her husband, Raphael Robinson. 
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Julia and Raphael wanted to start their own family, so she took a partial step back 
from mathematics to be a mother. She fell pregnant, but unfortunately lost the baby. 
Perhaps one life was gained in any case, as the doctor detected masses of scar tissue 
in Julia’s mitral valve and warned her husband, solemnly, of the mortal danger that 
pregnancy posed to such a weak heart. In fact, he admitted to Julia stepmother that 
it would be a miracle if she saw her 40th birthday. The answer was a childless family. 
Encouraged by Raphael, Julia plunged back into mathematics to avoid depression. 

She gained her doctorate in 1946 under the supervision of an eminent 
mathematician, Alfred Tarski (1902-1983), with a paper on undecidability in rational 
field theory (Definability and Decision Problems in Arithmetic). It was her first brush 
with unsolvability in her mathematical career, and it seemed to leave an indelible 
mark on her. It was Tarski who first introduced her to Diophantine equations. 

With the exception of just two major papers, Julia Robinson devoted all her 
mathematical energies to solving Hilbert’s tenth problem (the more technical aspects 
of which we will explain later) and decision problems. One of her papers is A Note 
on Exact Sequential Analysis from her time with Neyman. She published the other in 
1951, during a brief stint with the RAND Corporation (the quintessential American 
think tank), in which she solved a Nash equilibrium problem in game theory, then 
a very fashionable discipline; the paper was called An Iterative Method of Solving a 
Game. As you can tell, Julia Robinson and Diophantine equations were made for 
each other; everything else was superfluous. 

A Diophantine equation is a polynomial equation with one or more variables 
with coefficients and solutions in Z, They are named in honour of the Greek 
mathematician Diophantus of Alexandria (b. 200 to 214, d. 284 to 298), who wrote 
a whole treatise on them, his Arithmetic. A simple Diophantine equation arises, for 
example, from considering three unknowns 


x?-y*-22? 


As we already know, this is the same expression as Pythagoras' famous theorem, which 
has been known since ancient times to have infinite solutions. Given parametrically, 
the solutions are all groups of three of the form 

x- m? od $ 

y=2mn 


z=m tn 


where m and n are integers. These groups of three are Pythagorean, and have been 
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known about for centuries. Somewhat more elegant are the possible groups of three 
x, y, z, which are non-negative when the following is satisfied: 


x+y" =2",n>2, 


as then the Diophantine equation has no solution. This is the statement of Fermat's 
famous theorem, proven in 1995. What Hilbert’s tenth problem asked, however, was 
not something as ‘simple’ as proving Fermat's theorem, but something quite different 
— to find an algorithm that will tell us whether a Diophantine equation has a solu- 
tion or not. Luckily, we now know that the first part of such an elementary question 
can be answered in the negative. Finding the proof did not take 300 years, as it did 
with Fermat's theorem, but it did take 70 and a display of brilliant, first-rate ideas. 

In 1961, when she entered her 40s, the medical predictions came true and it 
became clear that Julia's heart would need to be repaired. Fortunately, cardiovascular 
surgery had moved on and the operation was a success. However, her heart was 
irredeemably weak and she couldn't exert herself overly. One consequence was that 
when she was nominated to a chair at Berkeley in 1976, she also had to accept that 
she could only carry out a quarter of her professorial duties in class. But the faculty 
accepted the arrangement, as Julia's renown was now global. 

After her operation, Julia was advised to ride a bicycle, an activity which she 
took up so enthusiastically that she bought one bike after another, in search of the 
lightest model with the best handling. Her husband wrote plairitively:*Other men's 
wives buy coats or diamond bracelets; my wife buys bikes." 

However, in 1984 all the bikes in the world could not prevent her from being 
diagnosed with leukaemia. The illness went into remission for a time thanks to the 
treatment she received, but Julia Robinson died in 1985. 


Hilbert's tenth problem 


During the 1900 International Congress of Mathematicians, David Hilbert, then 
the world' leading mathematician, presented a collection of 23 problems, which he 
thought would provide major breakthroughs if solved. Hilbert believed — a logical 
position at the time — that all problems had solutions and while it may take some 
time to find an answer to his 23 problems, sooner or later solutions would be found. 
In mathematics there is no such thing as ignorabimus (we will not know). It was all a 
question of patience, thought Hilbert. We now know that Hilbert was wrong, and 
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many years later Kurt Gódel showed him that, paradoxically, there are questions 
with no solutions — they are simply undecidable. In fact, the very first problem on 
the list, the continuum hypothesis, was one of these undecidable problems with no 
solution. This is the exact and literal meaning of ‘without solution'.You can choose 
to answer in the positive or the negative, as no inference within the logic system 
will ever contradict you. 

A Diophantine equation is any polynomial equation 


P, 2,.-.x)70 


with solutions and coefficients in Z. Hilbert's tenth problem asks whether there 
exists any single algorithm, procedure or process that can tell us whether any Dio- 
phantine equation selected at random has a solution or not. And the answer, finally 
found in 1970, is no. Technically speaking, this is a massive problem, as it involves 
an infinite number of cases. There are also subgroups of cases in which there is a 
redeeming algorithm that solves the problem, but Hilbert wanted an algorithm that 
solved them all. Euclid’s algorithm, for example, gave a response for Diophantine 
equations of the form 
ax tby =c, 


but it is limited to these equations, and can’t be applied to them all (of course, there 
are solutions if and only if the LCD (a, b) is a divisor of c). 

The path followed is not at all simple, and many will not understand it at the first 
attempt, but we will try to explain the proof in outline, although the explanation 
will be very incomplete. 

In 1950 Julia Robinson, using her grey cells and the properties of Pell's equation, 
did not manage to prove, despite her best and fiercest efforts, that a given numerical 
set, which we will name JR after Julia Robinson (and which she could not construct 
but did define in general arithmetic terms), was Diophantine (see the box on Turing), 
although not computable.The JR. set demonstrated certain properties, including that 
its members show a particular form of exponential growth. She did not manage to 
prove it, but it remained in the literature as a very probable hypothesis. Let's call it 
the ‘JR hypothesis’ so we don't repeat ourselves below. 

In 1959, Martin Davis and Hilary Putnam proved, assuming certain conditions 
were satisfied, that the JR. hypothesis leads to a dramatic result — that any recursively 
enumerable (or listable, which is the same thing) set is Diophantine. If the initial 
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conditions and the JR. hypothesis held true, Hilbert's tenth problem could be 
regarded as solved, and the response would be negative. 

Just one year later Julia Robinson intervened, simplified matters and managed to 
eliminate Davis and Putnam’s pesky initial conditions from this picture. It all boils 
down to this: Ifa JR-type set was found, the tenth problem would be defeated. We 
just need to find a Diophantine equation that produces solutions that fit a particular 
form of exponential growth, but like El Dorado, it can't be found. 

The breakthrough came in 1970, after nearly ten years of searches and attempts. 
In the Soviet Union, a very young mathematician, Yuri Matiyasevich, presented the 
colossal system of Diophantine equations on the facing page: 


A LITTLE TURING 


Turing machines are often used in decidability, computing or logic problems. Conceived by the 
fertile mind of the Briton Alan Turing (1912-1954), they are actually ideal mathematical versions 
of computers with infinite memory. Imagine a box with two slots, one input slot and one output 
slot, through which passes a tape split into rectangles. In each rectangle there is a 0 or a 1. The box 
has a reader so it can tell at any moment what figure is in the rectangle, and at each step another 
figure can be written over it, either a O or a 1. It can also decide whether the next step is to read 
to the right or to the left. What is written and the new status it goes into depend on the status the 
machine is in currently, and its next step (and its next status) is listed in a program, specific to each 
machine, stored in a control unit. The machine will halt or continue, depending on the program's 
instruction. While it may seem like nothing substantial could ever be constructed on such a simple 
foundation, a Turing machine has immense potential. 


Infinite tape 


Highly simplified diagram of how a Turing machine works. 
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m—c(2h+ g)-320 


m—fl-2=0 
xd -mxyty -120 
(d—-1)*u-x-120 


x—v—(2h+ g)(I-1)20 
utw-v-2z0 
1—-2v—2a 0 


P -lz-z?-1=0 
g-bl =0 
€ —gh-h? -1=0. 


Three definitions are very closely linked to the work of 
Julia Robinson and her Diophantine equations. They 
are given separately so as not to interfere with pos- 
sible reasonings, which are complicated in themselves: 


— Listable set (also called, for historical reasons, a re- 
cursively enumerable set): A set of integers L is list- 
able if a Turing machine program exists that, when 
an integer is inputted, halts at a 1 if and only if the 
integer is in L. If the integer is not in L, the machine 


may halt at 0 or may never stop. 


— Computable (or calculable set): a set C is calculable 


Alan Turing. 


if there exists a Turing machine program such that, 
given any input integer, the machine halts at 1 if the integer is in C, and it halts at 0 if not. 
A somewhat more convoluted, but equivalent, way of saying it is that C is computable if and 
only if C and its complement C are both listable. Clearly, any computable set is listable, but the 
reverse is not true. 

— Diophantine set: A set of integers D is Diophantine if it can be specified by a polynomial P(X,, X, 
«+. X), with variables d, t, x,, x,,..., x, 2 1 and with integer coefficients, such that P can be solved 
giving integer values of the form x,, x,,..., x, if and only if d is assigned a value in D. 
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If we take these ten equations, square them and sum them, we get a single 
equation with the same solutions in natural numbers as the system formed by all 
of them. We now have a single Diophantine equation, and it satisfies the required 
conditions. 

Matiyasevich did not arrive at the ten equations by chance. Instead he searched 
for them deliberately and very shrewdly. A theorem proven in 1942 and buried 
in the third edition of a book — which was already old by then — and called The 
Fibonacci Numbers (by the Soviet mathematician Nikolai Vorobyov) gave him the 
crucial hint. The ten equations guarantee that v =F, „ where F, represents the i-th 
Fibonacci number. Strangely, Vorobyov’s result was in the third edition of the book, 
but not in the first or second. 

The conditions satisfied by the solutions to Matiyasevich’s equation meet 
the requirements of the JR hypothesis and, therefore, we are not dealing with 
a hypothesis but rather a duly proven theorem. The elusive JR set existed and, 
therefore, Hilbert’s tenth problem had been solved: the answer is that the yearned- 
for miraculous algorithm does not exist. 

And so it was proved — very ingeniously — that there can be no algorithm that 
tells us whether there is a solution to any Diophantine equation; there will always 
be some cursed equation that will thwart any algorithm or procedure. 

In fact, it all comes down to the subtle difference between a listable set and 
a computable set. What Matiyasevich, Robinson, Davis and Putnam proved is a 
magnificent and beautiful result: 


A set is listable (or recursively enumerable) if and only if it is Diophantine. 


But the essence of Hilbert’s problem is that, ultimately, not all listable sets are 
computable. We just need to find a single set that is listable but not computable for 
the picture to change. That set will be Diophantine, but no algorithm will ever 
solve the corresponding equation. 
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PELL'S EQUATION | 


The British mathematician John Pell (1611-1685) has gone down in history thanks to the equa- 
tion that bears his name: 


x?-d (y+1)?=1. 
The equation has integer solutions if and only if d is not a perfect square. In keeping with the 


definitions given in the box on Turing machines, the set of numbers that are not perfect squares, 
D={2, 3,5, 6, 7, 8, 10,...}, would be a Diophantine set. 


After the tenth problem 


To celebrate her birthday, Julia was given a cake with candles; she blew them out 
and made a wish, which was always the same — not to die without seeing a solution 
to the accursed problem ten. She didn't mind whether the solution was positive or 
negative, or who found it. In the meantime, Julia Robinson received many significant 
honours. The biggest, financially speaking, came in 1983, when she was awarded a 
$60,000 grant from the MacArthur Foundation. She was, among other distinctions, 
the first woman mathematician to be elected to the National Academy of Sciences 
(1975) and the first woman to chair the American Mathematical Society (1978). For 
an American mathematician, this marks the culmination of a lifes work; it comes 
with obligations but little remuneration. Before accepting it, Julia discussed it with 
her family and friends, and came to the conclusion that it was her moral duty to do 
it. At least the role gave her the chance to meet Matiyasevich in person in the West, 
in Calgary (1982) — she'd already met him in the Soviet Union. Zealous communist 
red tape granted him the occasional permit to travel to wherever capricious party 
logic dictated. During the course of her visit to the USSR, the mathematicianYuri 


131 


RECENT TIMES 


YURI MATIYASEVICH (B. 1947), THE GOLDEN BOY 


Matiyasevich in 1969, when he found the 
solution to Hilbert's tenth problem. 


There's no doubt that we are faced with 
a young prodigy. At the age of 17 Yuri 
Matiyasevich won a mathematical Olympiad, 
and not just anywhere — in Moscow. He 
has been awarded an honorary doctorate 
by several universities and is a member of 
various academies of science, although 
this will matter little to mathematicians. 
What will perhaps be important to them is 
his crucial contribution to solving Hilbert's 
tenth problem, which explains why there 
is a polynomial in graph theory that bears 
his name and his Erdós number is two. 
Matiyasevich began to take an interest in 
Hilbert's tenth problem in 1965, aged 18, 
and just a year after officially beginning his 
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and just a year after officially ending his studies. At the age of 22 he found the final solution. 
It was a major event in the world of mathematics. Julia Robinson wrote in a letter: "Now | 
know it is true, it is beautiful, it is wonderful. If you really are only 22, | am especially pleased 
to think that when | first started working on the problem, you were a baby and | just had to 
wait for you to grow up!” 

It is difficult to give an idea of the ways in which Matiyasevich's mind moves, but we will give 
you a basic example, which he produced when still a young man (24) together with Boris 
Stechkin (1920-1995). Construct a parabola as shown in the diagram; it is quite a simple 
process, but if you need the equation, this one is y=x?, Mark the x-axis with 2, 3, 4, 5, 6, etc. 
Join the points on the upper half of the parabola with the points on the lower half. What do 
you get on the horizontal axis? All the prime numbers, no less! They are the ones through which 
no straight line passes. It is almost a plaything, but anybody interested in maths will find this 
genius 'Matiyasevich-Stechkin sieve’ (as basic as a secondary school exercise) breathtaking. 
Just like Yuri Matiyasevich. 
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Linnik (1915-1972) told her that she was the second most famous ‘Robinson’ in 
the Soviet Union. Seemingly, the most famous was Robinson Crusoe. Naturally, she 
and Matiyasevich could send each other letters and published various co-authored 
articles, proving there is strength in a union, even though its members were separated 
by thousands of kilometres. 

An aside on the less well known Julia Robinson, Julia Robinson the politician. 
Julia had distant family ties with Adlai Stevenson, who was her husband’s cousin. 
They had similar political views in many areas, and in 1950 Julia entered the political 
arena in support of Stevenson5 bid for the presidency, leaving mathematics to one 
side for the moment. When Eisenhower beat Stevenson (twice), she must have been 
disappointed, but those pursuing a solution to Hilbert tenth problem must have 
been equally relieved. In any case, she retained ties with the Democratic party for 
many years. 

A last point that will serve as a footnote: Julia Robinson always stressed free 
access to knowledge and the freedom of opportunity for all, men and women alike. 


Epilogue 


There have been many other important women in the world of mathematics. Few 
or perhaps none have achieved the universal resonance of people like Euler, Gauss 
or Hilbert, but for most of history doing mathematics, for the reasons given in the 
introduction to this book (only too clearly illustrated by the examples we have 
looked at so far), was not an option open to all women. It is easier for a camel 
to pass through the eye of a needle than for a rich man to enter the kingdom of 
heaven, Jesus Christ said. Substituting “woman” for “rich man" and “mathematics” 
for “heaven” gives an equally true logical sentence. Jesus did not say it, but judging 
from history He could have done so without lying. 

The previous chapter, which ended with the exemplary Julia Robinson, could 
have been much longer and more up-to-date because, fortunately, and especially 
in recent years, there have been and continue to be highly intelligent female 
mathematicians. Examples from the more distant past include Alicia Boole Stott, 
Marie Curie, Hilde von Mises, Grace Chisholm Young and Olga Taussky, while 
more recent examples — some quite exotic — that failed to make the cut include Fan 
Chung, Mary Rees, Sun-Yung Chang, Ingrid Daubechies, Irene Fonseca, Nancy 
Kopell, Dusa McDuff, Raman Parimala, Jean Taylor, Abigail Thompson and Karen 
Uhlenbeck. 

Despite the fact that I limited myself to the big names, without playing to the 
gallery, the list could have been very different. Did you know, for example, that 
the famous actress Hedy Lamarr has a place in this pantheon. She was a great 
mathematical specialist in remote control techniques? The downside is that, in order 
to dig deeper into modern mathematics and its practitioners we would need an 
extra volume to understand the complicated concepts mathematicians are working 
on today. 

Be that as it may, your author will have more than achieved his aims if, with this 
brief presentation of some of the great scientists’ mathematical feats, some achieved in 
difficult — not to say heroic — circumstances, he has managed to help a future female 
student realise her calling, It is high time the era of ‘patriarchy’ in mathematics came 


to an end. It would be a win-win outcome for our discipline and society as a whole. 
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Women in Maths 


From Hypatia to Emmy Noether 


Once upon a time, one of the most deeply-rooted myths 

in mathematics was that its abstract nature meant that 

women would encounter special difficulties when it came 

to understanding and practising the discipline. One only 

has to learn of the contributions made by women such as 
Hypatia, Maria Gaetana Agnesi, Sofia Kovalevskaya and 
Emmy Noether to know that this was never true. In fact, 
these and the many other key female mathematicians included 
in this volume are worthy of admiration not only for their 
intellectual achievements, but also for having overcome the 


male-oriented prejudice of their times to make an indelible 


mark on the history of mathematics. 


